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I INTERFACIAL REFRACTION THNOUGH CURVED AND PLANE-LAYERED MEDIA

I. INTRODUCTION

In 1983, the Heat Transfer Laboratory of the Savannah River
Laboratory (SRL) acquired a Laser Doppler Anemometer (LDA) for use
in measuring complicated flows. One of tbe first applications of
the LDA at SRL is to measure the velocity field in the Mark 22
bottom fitting insert.

Index of refraction changes associated with plexiglas, air,
and water interfaces can alter a laser beam path. In order to
obtain accurate velocity--measurements with the LDA, it must be
determined by how much these index of refraction changes will
alter a laser beam path. This problem has been addressed by
others, but their analysis is insufficient for the geometry of the
Mark 22 bottom fittin9 insert [1, 2, 3, 4]. This report documents
an analysis which determines how index of refraction changes
associated with plane and cylindrical interfaces will alter a
laser beam path.

II. SUMNARY .:

TWO laser beam tracing codes, AXIAL and CyLINDER, have been
written to determine a laser beam path through plane and
cylindrical interfaces. For cylindrical interfaces, an equation
set was derived which describes the path of the laser beam. For
plane interfaces, it was not possible to derive a single equation
set. Instead, it was necessary to divide the domain Up into small
elements or regions. The laser beam path was then determined by
calculating the’path of the laser beam through each re9ion. AXIAL
and CYLINDER can be used to determine where an LDA should be
positioned so that velocity measurements can be made at a
specified point.

III. BACKGROUND

111.1 THE FRINGE MODEL

The operation of the LDA is explained through the use of a
fringe model. When two coherent light beams of equal intensity
intersect, constructive and destructive electromagnetic
interference takes place. This interference causes the formation
of alternating regions of bright light and darkness. The regions
of bright light are known as fringes, and the volume in space
defined by the two intersecting beams is known as the.probe
volume. FigUre 1 is a simplified schematic lllustratln9 these
concepts.
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AS a particle in the fluid enters the probe volume, it
scatters light as it passes through a fringe. When the particle
goes through a region of darkness, it does not scatter light.
This series of intermittent bursts of light will continue for as
long as the particle is moving through the probe volume.

The time elapsed between each burst of light is the time it
takes the particle to travel from one fringe to another. If the
distance between each fringe is known, and if the time between two
bursts of light is known, the velocity of the particle can be
computed. Assuming the particle travels at the same velocity as
the fluid, the velocity of the fluid can be determined.

.
The distance between each fringe is calculated from the

following formula

where,

df =

>=

n .

e=

(1) df =
1>

2n sin L
r

2

distance between each one of the fringes

wavelength of the incident laser beams in a vacuum

index of refraction of the material in which the
probe volume is located and

half angle of the incident laser beams.

Because the time between each burst of light is very short
and the intensity of each burst is very low, a photomultiplier
tube is used to determine the time between each burst of light.

111.2 OPERATION OF THE LDA

One of the requirements for using an LDA is that a clear
optical path to the flow field must exist. Many potential users
of a LDA are hampered with obstructions which hide the flow area
to be analyzed. One way to avoid this obstacle is to build
plexiglas models. Another way is to use fiber optical cables.

While using plexiglas models does permit flow observation,
plexiglas models can create their own problems. Index of
refraction changes associated with water, plexiglas, and air
interfaces alter the beam path. These changes to the laser beam
path can be determined by using Snell’s law

(2) nlsinQl = n2sin@2,
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where,

nl = index of refraction in medium 1,

n2 = index of refraction in medium 2,

~1 = angle between the normal to the interface and the
laser beam itself in medium 1 and

@2 = angle between the normal to the interface and the
laser beam itself in medium 2.

Figure 2 illustrates how index of refraction changes alter
not only the half angle between two laser. beams, but also tbe
location at which the two beams intersect. For this particular
example, Snell’s law and simple geometrical laws were used to
determine the change in the half angle and the change in the
location of the probe volume. It was determined that the half
angle changed by 1.367° and that the probe volume was shifted by
3.504 inches.

In addition to altering the half angle and the location of
the probe volume, index of refraction changes can also alter tee
direction of the velocity vector. As shown in Figure 1, the
velocity vector is oriented in a direction perpendicular to the
bisector of the two incident laser beams. Altering the half angle
between the two incident laser beams maY also alter the bisector
between the two beams and, hence, the direction of the velocity
vector. This effect is shown qualitatively in Figure 3 for
velocity measurements in two concentric annuli.

The objective of this study is to determine bowindex of
refraction =hanges alter the following:

(1) The

(2) The

(3) The

half angle between two laser beams,

direction of the velocity vector and

point at which velocity measurements are being made.

A computer graphics routine is used to allow a quick visual
check of tie results. Both straight and circular in~erfaces are
a,nalyzed.

IV. ANALYSIS OF PLANE-LAYERED ’INTERFACES

IV.1 PROBLEM DESCRIPTION

LaSer Doppler Anemometers may be used to measure the flow in
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plexiglas models where the walls of the plexiglas model appear to
be plane interfaces. These plane walls may be at an angle with
respect to the vertical, and they may have different indices of
refraction. Figure 4 illustrates a possible configuration of
water, plexiglas, and air interfaces.

The shape of each medium, the index of refraction of each
medium, and the half angle of the laser beams in air will
determine the path that the beams will take through the plexiglas
model shown in Figure 4. If the LDA could be arbitrarily
positioned it would be a simple matter to apply Snell’s law and
calculate the path of the laser beams from the laser through the
plexiglas test section. ..With the beam paths determined, the
location of the probe volume and the direction of the velocity
vector could be calculated. The laser beam half angle in the
fluid medium could then be determined.

The above problem is usually the inverse problem that an LDA
user faces. Most LDA users do not arbitrarily position an LDA and
then try to determine the location of the probe volume. Usually
they specify the location of the probe volume and then try to
“determine where the laser should be placed.

The problem of where to position the LDA in order to obtain
measurements at a specified point is complicated. For
discontinuous, plane-layered media, it is difficult to formulate.a
single set of equations relating the laser beam path to the
specified measuring point. These equations depend upon the
geometrical configuration of the various media which compose the
test section. The equations also depend upon the angle that the
laser beam makes with respect to the horizontal at the measuring
point (herein referred to as the direction angle).

Moving the specified measurement point from one part of the
test section to another part might result in a different
geometrical configuration of the various media through which the
laser beam would travel. This different geometrical configuration
would require a second set of equations to describe the path of
the laser beam; a third location might require a third set of
equations.

For example, Figure 5a shows a plexiglas test section
con’sist.ingof discontinuous sections of plexi91as and water. For
point PI, one set of equations could be written which would
describe the path of the laser beam through the test section. For
point P2, a second set of equations would be necessary. This is
because point P2 “sees” a configuration of plexiglas and water
different from point PI. For point P3, a third set of equations
would be necessary.

Rather than write numerous equations with each equation valid
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only for a small portion of the test section, the concept of using
small, discrete regions to determine a laser beam path is
introduced. The concept of solving a continuum problem on a
discrete basis has been in existence for a number of years. The
most obvious example of solving a continuum problem on a discrete
basis is the application of finite elements to solve problems in

nfinite regions” isstructural and fluid mechanics [51. The term
used to describe the technique developed in this analysis. while
this technique solves a continuum problem on a discrete basis, it
does not use any of the sophisticated mathematics associated with
finite elements.

The best way to determine the path of the laser beam through
the plexiglas test section shown in Figure 5 is to discretize the
test section into small regions (or elements) as shown in Figure
5b. Snell’s law can then be applied at the interface of each
region. By applying Snell’s law on this discontinuous basis, the
path of a laser beam through the plexiglas test section can be
determined.

IV.2 PROBLEM SOLUTION

A simple example is used to explain how finite regions cafibe
used to determine a laser beam path through a plexiglas test
section. In Figure 5c, the discretized test section of Figure 5b
is shown with a measurement point specified. It can be determined
from equations derived in the next section that, for an LDA system
with a half angle of 5.5”, the direction angle of the laser beam
in the water section is 4.1325°.

A linear equation describes tbe path of a laser beam through
transparent materials

(3) y=mx+b,

where,

m= sloDe of the laser beam (equal to tan ~ , where @ is
the-direction angle),

b = y axis intercept of the equation,

Y = y coordinate of a point on the laser

x= x coordinate of a point on the laser

beam path and

beam path.

Once the measurement point has been selected, and the
direction angle in the region containing the measurement Point
has been determined, m and b in equation (3) can be calculated.
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For the portion of the laser beam in region 10 as shown in Figure
SC, m is equal to 0.072251 and b is equal to 0.063875.

The next step is to find the point at which the laser beam
exits region 10. This can be accomplished by simply determining
the intersection of equation (3) with the region boundary. In
this example, the portion of the laser beam in region 10 exits the
boundary at the point x = 1.0, y = 0.13612.

Once tbe exit point for the region containing the specified
measurement point has been calculated, the next step is to
determine the next region that the laser beam will enter. BY
visual inspection of Figure. 5c, it can be.determined that the ray
will enter region 9.

After determining tbe next region that the laser beam has
entered, Snell’s law must be applied at the region interface to
determine the direction angle in the new region. Applying Snell’s
law here at the region interface results in a direction angle of
3.688” for the laser beam in the new region.

The point at which the laser beam enters region 9, and th~
direction angle while the beam is in region 9 have already been”
determined. Thus m and b in equation (3) can be recalculated for
the portion of the laser beam passing through region 9. The exit
point of the beam for region 9 could then be determined, and the
third region into which the beam is entering could also be
determined.

This process is repeated until the path ‘of tbe laser beam
through the remaining regions has been determined. Algorithm I
describes the process by which finite regions can be used to
determine the path of a laser beam through a plexiglas model.
This algorithm is valid only for plexiglas models with vertical
plexiglas and water sections.

ALGORITHM I

1.

2.

3.

4.

The plexiglas model is discretized into rectangular regions.

A point in a specified region is selected as the point where
velocity measurements will be made.

The direction angle in the specified water region is
determined assuming that no angled surfaces are present.

With the direction angle known, an equation for the beam is
formulated. The point at which the beam exits the region is
determined from the intersection of the laser beam equation
with the region boundary.
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5.

6.

7.

With the exit point known, a search of all regions
the current one is performed to determine the next
the beam has entered.

adjacent to
region that

The direction angle for the new region is calculated using
Snell’s law.

Steps 4-6 are repeated until the beam exits the test section.

The algorithm can be used to analyze a laser beam path
through plexiglas models which are much more complicated than the
one shown in Figures 5a, 5b, and 5c.

.
A modified version of Algorithm I is-in Appendix A which

allows complicated plexiglas models to be analyzed. This modified
algorithm includes the effect that one.angled plexiglas-water
interface may have on a laser beam as it passes through a
plexiglas model.

IV.3 DETERMINATION OF THE DIRECTION ANGLE

Using finite regions to determine a laser beam path throug~
a plexiglas model can be done only if the direction angle of the
laser beam in the region containing the measurement point is
known. This section outlines some assumptions that are made which
allow the direction angle in the region containing the measurement
point to be determined. It should be noted that the forthcoming
discussion assumes that the LDA system is placed to the right of
the plexiglas model shown in Figure 4.

The half angle of an LDA in air is a parameter of each
particular system. Applying Snell’s law at the air-plexiglas
interface shown in Figure 4 yields the following result for the
direction angle in the first plexiglas section

(4) GZ = INVSIN [~ sinell,

where,

@l = direction angle in the air section (equal to the LDA
half angle in air for this particular example),

62 = direction angle in the first plexiglas section,

nl = index of refraction for air and

n2 = index of refraction for first plexiglas section.
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Applying Snell’s law to the first plexiglas-water interface
yields

(5) @3= INVSIN [~ Sin ~2],

where,

@3 = direction angle in the first water section and

‘3 = index of refraction for the first water section.
.

Applying Snell’s law to the second water-plexiglas interface
yields,

(6) e4 = INVSIN [~ 5ino3],

where,

@4 = direction angle in the second plexiglas section and ‘

‘4 = index of refraction for the second plexiglas section.

Applying Snell’s law to the third plexiglas-water interface
yields,

(7) @5 = INVSIN [~ Sin @41,
ns

where,

@5 = ~~~~;n~gle while it is in the second water

‘5 = index of refraction for the second water section.

successive substitutions can be made for @4 in equation (7)
by using equations (4), (5), and (6) until an expression fOr @5
in terms of 01 is obtained. The result is

(8) @5 = INVSIN [~ Sinel].
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Thus the direction angle in the second water section is
independent of the indices of refraction in the two plexiglas
sections and the water section. It should be noted that the
independence of this angle with the above mentioned indices of
refraction is a function of the geometry. For other geometrical
configurations, the direction angle may be dependent upon the
indices of refraction of the intermediate materials.

Substituting in for $2
(4) results in

(9) f?3 = INV.SIN

Again, it should be nol

in equation (5) by using equation

nl— sin@ll.
n3

ed that the independence of~3 with
n2 is because of this particular geometrical configuration.

If it is assumed that the index of refraction for the two
plexiglas sections are the same, then %5 equals f33. This
means that the direction angle for a laser beam in water sections
‘sandwiched between vertical plexiglas sections is the same in ?11
the water sections.

Not all plexiglas models will have vertical plexiglas-water
interfaces. A plexiglas model with a plexiglas-water interface at
an angle to the vertical is illustrated in Figure 6.

F,igure 7 is a close up of the angled plexiglas-water
interface in Figure 6. Applying Snell’s law and geometrical laws
to the figure, the following relationship for the direction angle
@4 in the water section is obtained

(10) 6’4 ‘INVSIN [~sin (6’3+ 90 -&)] +&-90,

where,

‘2 = index of refraction for plexiglas,

‘3 = index of refraction for water

B3 = direction angle for the laser beam in the plexiglas
section to the right of the water-plexiglas interface,

@4 = direction angle for the laser beam in the water
section to the left of the water-plexiglas interface and



F “—

-1o-

& = angle that water\plexiglas interface makes with the
horizontal.

If the water-plexiglas interface shown in Figure 6 was
reversed, (i.e., the plexiglas section was on the left and the
water section was on the right) the direction angle for water
sections to the left of the interface would have to be calculated
in several steps. First equation (8) would be used to calculate
the direction angle in the water section to the right of the
angled plexiglas-water interface

(11)

where,

%4 = direction angle of the laser beam in the water section
to the right of the plexiglas-water interface,

@l = half angle of the LDA system,

nl = index of refraction for air and .:

n5 = index of refraction for water.

Next a slightly altered version of equation (10) would be
used to calculate the direction angle of the laser beam in the
plexiglas section. This equation iS

(12) 6P= INVSIN [~sin (84 + go -~)1 +&- go,

where,

ep = direction anale of

84 =

&=

n3 =

nz =

to the left ;f the

direction angle of
the right of the

the laser beam in plexiglas sect
angled plexiglas-water interface

the laser beam in water sections
plexiglas-water interface,

angle that plexiglas-water interface makes with the
ho~izontal,

index of refraction for water and

index of refraction for plexiglas.

ons

to
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Finally, Snell’s law would be used at the vertical
water-plexiglas interface to calculate the direction angle for the
water section to tbe left of the angled plexiglas-water interface.
The result is

(13) $W = INVSIN [: 8P),

where,

@w= direction angle in water sections to the left of the
angled plexiglas-water interface,

@p = direction angle in plexiglas sections to the left of the
plexiglas-water interface,

‘3 = index of refraction for water and

n2 = index of refraction for plexiglas.

“IV.,4 PLACEMHNT OF THE LDA

Algorithm I determines the path of two laser beams through a
plexiglas test section. This information, along with the
knowledge of where the two laser beams exit the focusing lens of .a
LDA, is enough to determine where the LDA should be placed in
order to make velocity measurements at a specified point.

However, because of the curvature of the lens, it is
difficult to determine exactly where the two laser beams will exit
the LDA. Because of this, the concept of a reference point is
introduced. The reference point concept allows the LDA user to
avoid any errors that lens curvature may introduce.

Use of a reference point in conjunction with Algorithm I to
determine LDA placement is described in Algorithm II.

ALGORITHM II

(1) A point with a well known physical location (such as the
corner of a wall) is chosen as the reference point.

(2) The measurement point is selected.

(3) Using the Algorith I, the two laser beam paths from the
reference point through the test section are calculated.
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Using the Algorithm I, the two laser beam paths from the
measurement point through the test section are computed.

Equations specifying how far the LDA system must be moved
in the horizontal and vertical directions so that the
probe volume moves from the reference point to the
measurement point are shown in Figure 8.

The LDA system is aligned so that the probe volume is
located at the reference point, then the LDA is moved the
horizontal and vertical distances specified by the
equations shown in Figure 8.

IV.5 DETERMINATION OF LDA “OPTICAL PAR-TERS

Equations relating the LDA half angle in the fluid medium and
the direction of the velocity vector to the two direction angles
are shown in Figure 9.

IV.6 COMPUTERIZATION OF THE CALCULATIONAL PROCESS

The computer program AXIAL was written to mechanize the ;. . .
calculations and algorithms outlined in the previous four
sections. The structure of the program is fairly basic. The code
first reads in the input data which describes the plexiglas model
which will be analyzed. Next the code reads in the location of
the reference point and tbe location of the measurement point.
The code then calculates the path of the two reference beams using
the method of finite regions as outlined in Appendix A. Next the
code calculates the path of the two measurement point beams using
the method outlined in Appendix A.

once the paths of the two reference beams and the two
measurement point beams have been determined, the code uses the
method outlined in Algorithm II to position the LDA. After
determining the placement of the LDA system, the code then
determines the magnitude of the half angle and the direction of .
the velocity vector through the use of the equations shown in
Figure 9. At this point all calculations are complete.

Figures 10 through 13 are flow charts for the program AXIAL
and. some of its subroutines. The flow charts shown here are
rather brief; their purpose is to show the overall structure of
the program. A brief description of the code AXIAL as well as its
FORTRAN listing is included in Appendix B.

v. ANALYSIS OF CYLINDRICALLY LAYERED INTERFACES

V.1 PROBLEM DESCRIPTION

Tbe radii of each tube, the index of refraction of the water,
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the index of refraction of each tube, and the half angle of the
laser beams in air determine the path that the laser beams take
through the water and the plexiglas tubes.

The analysis of cylindrically layered interfaces is somewhat
easier than the analysis of plane-layered interfaces. Unlike
plane-layered interfaces, analytical equations can be derived to
describe the path of a laser beam through cylindrically layered
interfaces.

V.2 GOVERNING EQUATIONS

The equations which.describe the path of a laser beam through
nested, cylindrical tubes situated in a plexiglas box are shown
in Table I. Appendix C contains the derivation of the equations.
Figure 15 shows the corresponding geometrical configuration. The
variables are defined in Table II.

Indicial notation is used to show the repetitive nature of
the equations. The addition of extra cylinders is not
troublesome and results only in additional equation segments.

V.3” COMPUTERIZATION OF THE CALCULATIONAL PROCESS

The computer program CYLINDER was written to solve the
equations shown in Table I and determine where the LDA system
should be placed. A linear interpolation technique is used to
solve the equations in Table I for the laser beam path. After
both laser beam paths have been determined, the code uses
Algorithm II to determine the LDA placement. The code then uses
the equations shown in Figure 9 to determine the half angle and
the direction of the velocity VeCtOr.

Figure 14 is a flow chart for the program CYLINDER. The
FORTRAN listing of CYLINDER is included in Appendix D.

VI. DISCUSSION OF RESULTS

Several test runs were made with both AXIAL and CYLINDER. In all
the figures, the plexiglas regions appear as shaded sections and
the water regions appear as white sections. The laser beams
appear as dark black lines.

Because of the low resolution of the graphics printer, the
laser beams appear to be slightly staggered. Some of the figures
have inserts included with them. These inserts are close-ups of
the region around the measurement point.
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VI.1 PLANE-LAYERED MEDIA

Figures 16, 17, and 18 are cross sectional views of the
bottom portion of a Mark 22 assembly. when trying to measure
axial velocities in fuel assemblies, the cylinders appear as plane
interfaces. Thus, the code AXIAL was used to determine where an
LDA should be placed in order to make measurements at specified
points. The input data file specifying the geometry is in
Appendix E.

Figure 16 shows the path that the laser beams would take if
LDA velocity measurements were made at the specified point. As
the results show, the dixec.tion of the ve.locitY vector is
unaffected; it is still oriented at 90”. This is because both
laser beams travel through vertical interfaces. Index of
refraction changes in these vertical interfaces affect both
direction angles equallY. Hence, the direction of the velocity
vector is unaffected.

Figure 17 shows the path that the two laser beams would take
if LDA velocity measurements were made to the left of the angled
surface. As can be seen, the direction of the velocity vector is
altered by 4.1°.

Figure 18 shows the path that the laser beams would take if
LDA velocity measurements were made in the lower left hand corner
of the test section. The gently sloping plexiglas section alters
the direction of the velocity vector only slightly.

VI.2 CYLINDRICALLY LAYERED MEDIA

Figures 19 through 26 are cross sectional views of 4
concentric cylinders located inside a plexiglas box. Figure 27
has the same geometrical configuration as Figures 19 through 26
except that the three inner cylinders have been removed. The
input data file for Figures 19 through 26 is in Appendix F.

Figures 19 through 22 show the paths that the laser beams
would take for a measurement point with the same radius located in
four different quadrants. Figures 19 and 20 show that curvature
effects alter the direction of the velocity vector by the same
magnitude but in different directions. Figures 21 and 22 show the
same phenomenon. Also , these figures show that for concentric
geometries, there will not be any “blind spots”. Curvature
effects from the cylinders will cause the beams to bend upwards
toward the boundaries of the cylinders.

Figures 23 through 26 are included to illustrate how moving
the measurement point around inside the inner cylinder reduces the
curvature effects of the cylinder walls. As the curvature effect
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is reduced, the direction of the velocity vector comes closer to
90”.

Figure 27 is included to illustrate what effect removing the
three inner cylinders has on the direction of the velocity vector.
The measurement point in this figure is the same as the
Figure 22. In Figure 22, the direction of the velocity
85.471°. In this figurer the direction of the velocity
89.91°.

one in
vector is
vector is

ABK:cjl

I



. .

[11

[2]

[3]

[4]

[5]

REFERENCES

Boadway, J. D. and Karahan, E., “Correction of Laser Doppler
Anemometer Readings for Refraction at Cylindrical
Interfaces”, DISA Information, Number 26, 1981, pp. 4-6.

Bicen, A. F., “Refraction Correction for LDA Measurements in
Flows with Curved Optical Boundaries”, TSI Quarterly, Volume
8, Number 2, 1982, pp. 10-11.

Schockr H. J., Case, S. and Konicek, L., “Window Aberration
Correction in Laser Velocimetry Using Multifaceted
Holographic Optical Elements”, Applied Opticsr volume 23,
Number 5, 1984, pp...72.2- 756.

Hanle, D. D., “In Vitro Fluid Dynamics of Prosthetic AOrtiC
Heart Valves in Steady and Pulsatile Flow”, Ph.D. Thesis,
California Institute of Technology, pasadena, California,
1984.

Gallagher, R. H., Oden, J. T., Taylor, C. and Zienkiewicz, O.
c ., Finite Elements in Fluids, John Wiley and Sons, New York,
1975. .:



..

,, .

(14)
(15)

(16)

(17)

(18)

(19)

.(20)

(21)

~ (22)

(23)

TAHLE I
EQUATIONS WHICH DESCRIBE THE PATH OF A

LASER BEAN THROUGH CYLINDRICALLY LAYERED MEDIA

~ ==1~~~~(~~)

‘P

a
1,1,1 = INVSIN

& ~,1, z = INVSIN

~,z,l= INVSIN

a ~,z, z = INVSIN

~2,1,1 = INVSIN

dz ,~r2 = INVSIN

a2,2,1 = INVSIN

& 2,2,2 = INVSIN

a
i,l,l = INVSIN

d.1,1,2 = INVSIN

d.
1,2,1 = INvSIN

h.
1,2,2 = INVSIN

[* sin [ ~- ALPH4G11

s

[- sin (~,1,1)1
‘plex

R~ ~
[~ sin (~,l,z)l
R1,2

[~ sin (~l,z,l)l
‘water
R1 2
[— sin (~,2,2)1
R2,1

~‘water sin (&2,1,1)l
‘plex

~[ sin (62,1,2)1
R2,2

[- sin (~2,2,2)1
‘water

[‘(i-1)’2 sin(~(i-~),2,2)]
Ri,~

~‘water Sin(~i,l,l)l
‘plex

R. ~
[+ sin (ai,l,2)l
Ri,2

[= sin (~i,2,1)l
‘water
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(24

(25)

26)

27)

(28)

TABLE I (cent’d)

EOUATIONS WHICH DESCRIBE THE
LASER -

ALPHW =

ANGLE =

Y1 =R.

BEAM THROUGH CYLINDRICALLY

ALPH4G + ?l,lrl -~1,1,2 +

+ 32 ~ ~ +a2,~,2 +
,,

+ ‘i,l,l -.......

‘water
ALPHP = INVSIN [— sin

ALPHGH = INVSIN

ALPHW + a.1,2,2

‘plex

[* sin
‘air

PATH OF A
LAYERED MEDIA

~1,2,1 - $1,2,2

~2,2,1 - %,2,2

‘i,l,2 + $,2,1 - ?i,2r2

(ALPHW)]

ALPHP )1

*sin (ANGLE) + [D - Ri,2 cos (ANGLE)] * [tan{ALPHW)l
1,2

+ t wtan (ALPHP)
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x .

Y=

‘P =
Ri, j =

ALPHW =

ALPEP =

ALPH4G =

ALPHGH =

Y1 =

D .

t .

ANGLE =

i .

—

TABLE II

DEFINITION OF NOMENCLATURE

x coordinate of laser beam crossing point

y coordinate of laser beam crossing point

radius of laser beam crossing point

radius of a particular cylinder. i indicates the
cylinder (from center outwards). j indicates which
radius (1 means inner radius, 2 means outer radius)

angle that the-laser beam makes” with respect to the
normal at the cylinder-water interface. i indicates
the cylinder (from center outwards). j indicates inner
or outer radius (1 means inner radius, 2 means outer
radius) . k indicates the angle (1 means inner an91e, 2
means outer angle).

direction angle for the laser beam in the water between
the outer cylinder and the plexiglas box

direction angle

direction angle
beam crossing.

for the laser beam in the plexiglas box

of the laser beam in the fluid at the

Half angle of the LDA in air.

y coordinate of the point at which the laser beam exits
the plexiglas box.

distance between tbe origin and tbe inside of tbe
plexiglas wall.

thickness of the plexiglas box

angle between the line from tbe origin through the point
where the laser beam exits the outermost cylinder, and
the horizontal.

number of cylidners.
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THE FRINGE MODEL
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Fringes

\
L.

\
o
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Fringes are parallel to the bisector
of the two laser besns. Thcs, the
measure~ velocit), has a direction
perpendicular to the bisector.

FIGURE 1
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INDEX OF WFWCTION CHANGES

e = 5.5°

‘1 = 1.00

n2 = 1.490

n3 = 1.330
‘3

Applying Snell’s
lak’ results in 3-:

‘2
= 3.688°

?3 = 4.1326°

x = 10.39”

xl = 13.89”

\
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/

T
2.0”

\
\

\
\
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,.,,..

NOTE : Figure is not to scale.
Dimensions have been altered
to exaggerate changes in the
angles .

FIGUW 2
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BECAUSE OF INDEX OF ~FMCTION CHANGES

I FIGURE 4

SOLVING FOR THE DIRECTION MTGLE
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A PLEXIGLAS MODEL

WITH AN IRREGULAR GEOMETRY
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0.2

0.1

0.0
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,

I I
2 3

J-l p~exiglas

n ..ter

FIGURE 5a
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THE DISCRETIZED .PLEXIGLAS MODEL
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FIGURE 5b
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THE LASER BEAM PATH THROUGH

THE DISCmTIZED MODEL

1

P(x,y) =

——

measurement point

(0.5, 0.1)
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FIGURE 5C
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A PLEXIGLAS

FIGU~ 6

MODEL WITH ~’ ANGLED SURFACE
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.-

laser

CLOSE UP

FIGtiRE 7

or TnE PmXIGmS MODEL

:: (90-U)

WATER
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FIGURE 8

‘1 =

YIR =

Y2R =

YIM =

Y2M =

Half angle of
the laser in air

Y coordinate of
the first reference
beam

Y coordinate of
the second reference
beam

Y coordinate of
the first measurement
point beam
‘Y coordinate of
the second
measurement point
beam.

—

Ax =

Ay =

(YIR - Y2R)

Y lM

.——— ——— —

Y2M AIR

\

2R

\

4X

(YIM - Y2M)

tan 81

(YIM + Y2M) - (YIR+ Y2R)

2 2
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FIGURE 9

LDA OPTICAL PA=TERS

Y

e=
T

/\-
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/ \.

. .
.’

2

alG + a2G =

. .

2
Direction of .,
velocity vector “ /

. . . . . . . . . . . Laser Beam
—.— .— Velocity

Vector
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FLOW CHART FOR PROGW AXIAL

I

Call subroutine INBLOC
(Reads in all input data)

I
Call aubro.tine LASER

(Determines how far laser should be
moved, half angle in fluid mediw,
direction of velocity vector)

FIGURE 10

I



.. FLOW CRART FOR SL~ROUTINE LASER
.!

Set reference point and regioti~
. . ...

[

,
Set the value of the laser beam
~~;eangle equal to its positive .

1

Call subroutine YPOINT
This subroutine determines the path

of the laser beam

ESet the”“value of the laser beam half

Read in element ;;,<~of
measurement points in th

No
equal to zero?

ILall subro~tine Y? OTli!

s-

!Sec z’ne value of the laser ‘bea
ha f angle equal to its negati e

1

beterrninelaser beam half angle
“n fluid medium-direction of
.~elocit~,vector

/ n:,.nr n,, v rhp Te->lli

oto4

FIG~E 11



-’ FLOW CHART FOR SUBROUTINEY POINT

/

. .

Enter in the measurement point 6 re~ion numbe

Develop an equation for the laser beam assumin
that it doea not strike any angled surfaces

“Determine the uoint at which the beam exits / A
the current region

\ \

#
Call subroutine RF.GI
(This subroutine determines the next region
that the beam will enter) I

~i~
)\

/

f ‘es
\

:
Use Eqn. (5) or

Yes

vRestart the calculation with the

culate the direction angle and
develop an equation for the beam.

‘c”

encountered?
Use Eqn. (4)or
Eqn. (8) to

No calculate the
original angled direction angle

for the beam in

rint an error this region
Then determine
the equation
for the beam.

Return )

.

FIGW 12
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FLOW CRART FOR SUBROUTINE RSGI

1Enter in exit uoint & retiion.# - !

Do for i) of eleInentSadjacent to

1
\
/ the current region 1

t
t

Detemine the maximum and minimum
x and y coordinates of adjacent
region J

+
Do for the sides of
adjacent element J.

J
Detetine the slope

the boundaries of
of side I for adjace=
region J.

/\
\/

& Is
G /\~ the slope
— of side I, for
-= No adjacent region.’J, Yes \

1 ‘-
qual to the slope of th

Y Od”

“de from which th
Increment beam exits?

I

Return

I / \Increment
. 1

w

FIGURE 13
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FLOW CHART FOR PROGM’1 CYLIh~ER. .

fin,.,Data/
!

Set reference point and LDA
half angle I

[
f

c 11 subroutine ANGLE
(Calc~lates direction angle)

I
I

I Csll HCALC

f

) Call subroutine ANGLE }
I

) Call subroutine HC&C )
I

I

Set measurement point and
LDA H21 f anele I

Call subroutine MGLE

eCall subroutine HCALC

ange t e a ang e to It
ve \,a e

,. ~.F

Call subroutine HCALC

Determine the distances tha
the LDA svstem should be mov

I

I Determine the half angle I,
t

[Deremlne the direction of
the velocit~,vector

&

Subroutine -WGLE is a subroutine which uses.a linear
interpolation technique to solve equations (14)-(26).
Subroutine HCALC is a subroutine which solves equation
(28).

FIGURE 14
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INDEX OF REFRACTION FOR WA~E~= 0.133 ::D+01

REFERENCE POINT IS X=

INOEX OF REFRACTION FOR PLEXIGLASS’
0.316000+01

HALF ANGLE OF TNE BEAM IN WiTER WITH NO ANGLED SURFACES =
0.41326D+01

,.

.’

[.1,J

( :,)
! ...]

4,—.,
-.
.:,.

0.14900DtOi

0.41326D+01 hNOLE OF VELOCITY .VECTOR(FIEASURED FROM TME HORIZONTAL)=
0.90000D+02

ALTERED HALF ANGLE =
HALF ANOLE OF THE LASER IN AIR

0,550009+01 ,,,

MEASUREMENT POINT IS X = 0.985500+00 Y = 0.39450D+01

DELTA Y = 0.78500 DELTA X = 0.77251
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INDEX DF REFRACTION FOR WA]E~= 0.133 ::D+01 INOEX OF REFRACTION FOR PLEXIGLASS=

REFERENCE POINT IS X= 0.31600D+01
HALF ANGLE OF TNE BEAM IN WiTER WITH NO ANGLED SURFACES =

0.41326D+OI

. ,.,

,..,

4
1]
1--1

0.149000+01

ALTERED HALF ANGLE = 0.41366D+01 ANGLE OF VELOCITY VECTOR(~EASUREO FROM THE NOR IZONTAL)=
0.89394D+02

NALF ANGLE OF THE LASERxI~ AIR 0.55000D+01
MEASUREMENT POINT 15 - 0.79260D+O0 Y = 0.633750+00

OELTA Y = -2.53614 DELTA X = 0.63663.
._ —.. _ ——
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FIGURE 19

REFE ‘RENCE POINT: Xo= O-700 ~OD+oo
DATA POINT : x=

yQ. U.0000OD+OO
0.30000D+O0 Y= 0.72000D+O0

CYLINDER 1 INNER RADIUS= 0.80000D+O0 OUTER RADIUS=
CYLINDER 2 INNER RADIUS= O-17000D+01 OUTER RADsus=

O.1OOOOD+O1

CYLINDER 3 INNER RADIUS= 0.20000D+o I
0-270000+01 OUTER RADIUS=

CYLINDER 4 INNER RADIUS= 0.30000D+01

LASER MUST BE MOVED
0.37000D+01 OUTER RADIUS= 0.40000D+01

-0.33026D+o0 IN THE HORIZONTAL DIRECTION
LASER MUST BE MOVED 0.75058D+O0 IN THE VERTICAL DIRECTION

HALF ANGLE OF THE TUO BEAMS IH THE FLUID MEDIUM
DIRECTION OF THE VELOCITY VECTOR 0.56435D+01

0.82702D+02
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FIGURE 20

REFE RENCE POINT: XO= 0.70000D+O0 Yo= 0.0

DATA POINT : X= 0.30000D+O0 Y= -0.72000D+O0
CYLINDER 1 INNER RADIUS= 0.800000+00 OUTER RADIUS=

CYLINDER 2 INNER RADIUS= 0.170000+01 OUTER RADIUS=

CYLINDER 3 INNER RADIUS= 0.27000D+01 OUTER RADIUS=

CYLINDER 4 INNER RADIUS= 0.37000D+01 OUTER RADIUS=

LASER mUST BE MOVEO -u:33026D+O0 IN THE HORIZONTAL DIRECTION
LASER MUST BE MOVED -0.750580+00 IN THE VERTICAL OIRECTION

HALF ANGLE OF THE TWO BEAMS IN THE FLUID MEDIUM O.56435D+01

DIRECTION OF THE VELOCITY VECTOR 0.97297D+02

O.1OOOOD+O1
0.20000D+01
0.30000D+01
0.40000D+01
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FIGURE 21

O.1OOOOD+O1
0.20000D+01
0.30000D+01
0.40000D+01

REFE RENCE POINT: XO= 0.70000D+OC Yo= 0.0

DATA PoINT : X= -0.30000D+O0 Y= -0.72000D+O0

CYLINDER 1 INNER RADIUS= 0.80000D+O0 OUTER RADIUS=

CYLINDER 2 INNER RADIUS= 0.17000D+01 OUTER RADIUS=

CYLINDER 3 INNER RADIUS= 0.27000D+01 OUTER RAOIUS=

CYLINDER 4 INNER RADIUS= 0.37000 D+01 OUTER RADIUS=

LASER MUST BE MovEo -0.76652D+O0 IN THE HORIZONTAL DIRECTION
LASER MUST BE MOVED -0.69459D+O0 IN THE VERTICAL DIR ECTIDN

HALF ANGLE OF TNE TI.10 BEAMS IN THE FLUID MEDIUM 0.34834D+01

DIRECTION OF THE VELOCITY VECTOR 0.94 S29D+02

...&. .A
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FIGURE 22

O.1OOOOD+O1
0.20000D+01
0.30000 D+01
0.40000D+01

I

V
,.-



FIGURE 23

CYLIPdilRICRL TEST C;RSE
REFE’’RENCE PO It(T: XO= 0.70000D+O0 Yo= 0.000 onwoo
DATA POINT : X= 0.0000 OD+OO Y= 0.75000D+O0
CYLINDER 1 INHER RADIUS= 0.80000D+o0 OUTER RADIUS=
CYLINDER 2 INNER RADIUS= 0.17000D+01 OUTER RADIUS=
CYLINDER 3 INNER RADIUS= O-270 DOD+01 OUTER RADIUS=
CYLINDER 4 INNER RADIUS= 0.37000D+01 DUTER RADIUS=
LASER MUST BE MDVED ‘0.60073D+O0 IN THE HORIZONTAL DIRECTIDN

LASER MUST BE MOVED O.74530D+O0 IN THE VERTICAL DIRECTION
HALF ANGLE OF THE T&JO BEAMS IN THE FLUID MEDIUM O-37691D+01
DIRECTION OF THE VELOCITY VECTOR 0.83360D+02

(I.loOOOD+O1
0.20000D+01
0.30000D+01
0.40000D+01
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FIGURE 24

C;ILI[4DF;ICRL TEST C;RSE
REFE RENCE POItiT: XO= 0.70000D+O0 0.0000 oD+oo
DATA POINT : X= 0.20000D+O0 Y= 0.601::D+O0
CYLINDER 1 INNER RADIUS=
CYLINDER

0.80000D+O0 OUTER RADIUS=
2 INNER RADIUS= 0.17000D+01 OUTER RADIUS=

CYLINDER 3 INNER RADIUS=
CYLINDER

0.27000D+01 OUTER RADIUS=
4 INNER RADIUS= 0.37000D+01 OUTER RADIUS=

LASER MUST BE MOVEO -.O.40815D+O0 IN THE HORIZONTAL DIRECTION
LASER MUST 8E MOVED 0.60887D+O0 IN THE VERTICAL DIRECTION

HALF ANGLE OF THE T140 BEAMS IN THE FLUID MEDIUM
DIRECTION OF THE VELOCITY VECTOR

0.43006D+01
0.872 ZOD+02

O.1OOOOD+O1
0.20000D+01
0.30000D+01
0.40000D+01
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FIGURF, 25 .

POINT
: x,

;
3
4

REFE RENcE Xo= 0.70000D+o0
DATA PGIt4T

Yo= 0.0
0.30000D+o0 Y= 0.40000D+O0

CYLINDER INNER RADIUS= 0.80000D+O0
CYLINDER

OUTER RADIUS=
INNER RADIUS= 0.17000D+01

CYLIti DER
OUTER RADIUS=

INNER RADIUS= 0.27000D+01
CYLINDER

OUTER RADIUS=
INNER RADIUS= 0.37000D+01 OUTER RADIUS=

LASER MUST BE MoVED ‘0.’31738D+OO IN THE HOriZOntal DIR EcT1o N
LASER RUST BE ROVED 0.4063 ZD+O0 .IN THE VERTICAL DIRECTION

HALF ANGLE DF THE TUO BEAMS IN THE FLUID MEDIUM 0. 4Z318D+01
DIRECTION OF THE VELOCITY VECTOR 0.8876 ZD+OZ

O.1OOOOD+O1
O. ZOO OOD+OI
0.30000D+01
0.40000D+01

,. .

.—



FIGURF, 26

O.1OOOOD+O1
0.20000 D+01
0.30000D+01
0.40000D+01



FIGURE 27

REFE. RENCE POINT: XO= 0.70000D+O0 Yo= 0.0

DATA POINT : X= -0-30000D+O0 Y= 0.72000D+O0
CYLINDER 1 INNER RADIUS= 0.37000D+01 OUTER RADIUS=

CYLINDER 2 INNER RADIUS= 0.0 OUTER RADIUS=

CYLINDER 3 INNER RADIUS= 0.0 OUTER RADIUS=

CYLINDER 4 INNER RADIUS= OUTER RADIUS=

L&S5R MUST BE MOvED -O .75188 D+000i1 THE HORIZONTAL DIRECTION
LASER RUST BE MOVED 0.71951D+o0 IN THE VERTICAL DIRECTION

HALF ANGLE OF TNE TMO BEAMS IN THE FLUID MEDIUM 0.412950+01

DIRECTION OF TNE VELOCITY VECTOR 0.89906D+02

O .40000D+01
0.0
0.0
0.0

:.
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VII APPENDIX A

This appendix is a modified version of Algorithm I. This
algorithm includes the effect that one angled surface may have on
the path of a laser beam.

(1)

(2)

(3)

(4)

(5)

(6)

(7)

ALGORITHM A-I

The test section is descretized into quadralaterals.

A point in a particular region is specified as the
desired measurement point.

using equat’ion-”(9”),the direction angle in the region
containing the measurement point is calculated. With
the direction angle known, an equation for the beam is
formulated.

The point at which the beam exits from the current
region is determined by the intersection of the beam
equation with the region boundary.

With the exit point known, a search of all regions ;
adjacent to the current one is performed to determine
the next region that the beam has entered.

With the next region known, Snell’s law is used to
determine the direction angle in the new region (i.e.,
equation (5) or equation (6)). With the direction angle
known, an equation for the beam in the new region is
formulated.

A check is made to determine if the side of the new
reaion throuah which the laser beam Passes is at an
an~le with r~spect to
encountered an angled
taken:

a)

b)

c)

d)

A notation of the
surface is made.

the vertical. -If the beam has
surface, the following steps

region containing the angled

are

The direction angle for the beam in the region
containing the measurement point is recalculated
using equation (10) or equations (11), (12), and
(13). An equation for the beam is formulated using
this new direction angle.

Steps 4,5,6, & 7 are repeated until the original
angled region is found.

If the anciled reqion is not found, no physical
solution &xists.- It is not possible to make
measurements at this point.
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(8)

(9

e) If the angled region is found, the direction angle
for this region is calculated using equation (8) or
equation (4).

f) The calculation resumes with step 8.

A check is made to determine if this new region is a
boundary region. If this region is a boundary region,
the following steps are taken:

a) The exit point for this region is calculated.

b) The calculational procedure is terminated as the
laser beam path ha~ been

Steps (4) - (8) are repeated
has been determined.

determined.

un”til the laser beam path
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VIII. APPENDIX B

As previously discussed, finite regions can be used to
calculate the path of a laser beam through a plexiglas model.
This concept is based upon the idea of finite elements. Finite
elements are currently being used in many areas of engineering.
Programs to generate meshes necessary for use with finite element
codes have been written. These mesh generating programs
frequently require the user to first generate a very coarse mesh
of many “super elements”. These super elements are rather large;
their only function is to define the geometry which will be
discretized.

path
data
same

These super element.~ are sufficiently small for analYzin9 the
of a laser beam through a plexiglas ‘model. Thus , the input
necessary for using a mesh generator code is essentially the
input data that is necessary for using AXIAL.

As with the mesh generator codes, an element connectivity
matrix and node number coordinate matrix are necessary for use
with AXIAL. AXIAL also requires two additional input data
matrices. One matrix is an adjacent region matrix. This matrix
defines for a specified region all the regions which are in
physical contact with this region.

The second additional matrix is an angle specification
matrix. This matrix specifies which side, if any, of a region is
at an angle with respect to the vertical.

These two additional matrices are essential to the operation
of AXIAL. The adjacent region matrix is Use& by the code AXIAL to
determine the next region that the laser beam will enter as it
exi+.s a given region. The second matrix is used by AXIAL to
determine if the laser beam has encountered a plexiglas-water
interface at an angle with respect to the vertical. The FORTRAN
listing of AXIAL starts on the next page.
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PROJECT: T5712 f’l~l~~R: MESHREP2
}~~\ARY: P1OT

DATE: 84/09/06

DATA USERID: f;;;;
TIME: 10:29
PAGE: 0.2 OF 22

----+ ----l ----+ ----2 ----+ ----3 ----+ ----q ----+ ----5 ----+ ----6 ----+ ----7 ----+ ----a

XXEHT1(50) >YENT1(50), XEXT1(50) ,YEXT1(50) .THETA(50
*T INOX(50) /XENT2(5U) )YENT2(50) tXEXT2(50) .YEXT2(50
XSCXAOJ, SCYADJ, SHALF, TINW) TINPr XT EMP/YTEMP.
*MA TNO(1501), NPOINJNELEM.
JILNADJ (50120 )) NREGIO(50 )JNREG12[50 ), IAN G(50),
~INo Ds(lsol,8)r
XNTITLE( 10) PNCOL(IOO)>NDGRAFI
MJ3, J4, J,

KIFLAG5. IF LA G6,1FLAS7) IF LA G8,1FLAG9
L

:----
:’

c
c----
c----
c----
c----
c----
c----
c----
c----
c----
c----
c----
c
c----
c
c----
c----
c
c----
c----
c----
c----
c----
c----
c----
c----
c----
c----
c----
c----
c----
c----
c----
c----
c----
c----
c----
c ----

c----
c----

‘;:

THIS SUBROUTINE ACCEPTS ALL INPUT DATA

DEFINITION OF THE VARIABLES.

LNADJ(I, J): THIS ARRAY DEFINES ALL THE ELEMENTS WHICH ARE
AOJACENT TO EL EMEHT 1.

NREGIO(J) : THIS ARRAY SPECIFIES THE ELEMENT NUMBER CORRESPONDING
TO THE J TH REGION THAT THE FIRST BEAM IS IN.

NREG12(J) : THIS ARRAY SPECIFIES THE ELEMENT NUMBER CORRESPONDING
TO THE J TH REGION THAT THE SECOND BEAM IS IN.

NTITLE: THE TITLE OF THE TEST PIECE. UP TO 48 LETTERS.

NPo IN: THE NUMBER OF NODES USED TO DESCR18E THE TEST SECTION

NELEM:THE NUMBER OF INPUT BLOCKS USED TO OESCRIBE THE
TEST SECTION

INOOS(I,J): CONNECTIVITY MATRIX.THIS IS AN ARRAY SPECIFYING THE
NOOE NUMBERS OUTLINING A GIVEN BLOCK .THE FIRST INOEX SPECI;~~S5~~~
THE ELEMENT NUM8ER (MAXIMUM NUMBER OF ELEMENTS IS 1500).
OND INDEX TELLS WHICH GLOBAL NOOE NUMBER CORRESPONDS TO A LOCAL
NODE NUMBER. THE LOCAL NOOE NiJMBER ALWAYS 5TARTS AT THE LOWER
LEFT HANO CORNER OF THE ELEMENT. THE NODE NUMBERS PROCEED AROUNO
THE ELEMENT IN A COUNTERCLOCKWISE FASHION.

IANG(J) THIS ARRAY OEFINES ALL THE ANGLED SIDESOF EIEMENT J. A
VALUE OF J INOICATES THAT THERE ARE NOT ANY ANGLED SIOES. A
NEGATIVE NUMBER INDICATES THE PRESENCE OF AN ANGLEO SIDE.

NCOL(J) AN ARRAY USED BY THE GRAPHICS ROUTINE. THIS ARRAY
INDICATES THE COLOR THAT A REGION SHOULD BE SHAOEO.

HOGRAF: A FLAG VARIABLE USED BY THE GRAPHICS ROUTINE. IT MUST
BE SET EQUAL TO 1 FOR THE GRAPHICS ROUTINE TO BE CALLED.

J3: NUMBER OF REGIONS THAT THE FIRST BEAM ENcoUNTERS.

J4: NUMBER ,oF REGIoNs THAT THE sEcoND BEAM Encounters.

MESHREP2 :

,. .,.
!.



PROJECT I 15712
LIBRARY: PLOT

MEMBER: MES”HREP2
LEVEL: 01.21

DATE: 84/09/06 MESHREP2 ‘“

,ART TYPE; DATA USERID: T5712
TIME: 10:29
P,AGE: 03 OF 22

;OL ----+ ----I ----+ ----2 ----+ ----3 ----+ ----4 ----+ ----5 ----+ ----~ ----+ ----7 ----+ ----8

I c---- J: A COUNTER VARIABLE USED TO KEEP TRACK
1 C---- LASER 8EAM ,1S IN.
1 c----
1 C---- IFLAG5: A FLAG VARIABLE USEO TO INDICATE
1 C---- REGION HAS NOT BEEN FOUND.
1 c----
1 c---- 1FLAG6: A FLAG VARIABLE USEO TO INOICATE
1 c---- OID NOT EXIT FROM AN ALLOWABLE SIDE OF A
~ c----

1 C---- IFLAG7: A FLAG VARIABLE USED TO INDICATE
1 C---- DOES NOT EXIST
1 c----
1 c---- IFLAG8: A FLAG VARIABLE USED TO INDICATE
1 C---- REGION HAS BEEN FOUNO.
1 c----
1 C---- IFLAG9: A FLAG VARIABLE USED TO INDICATE
1 c---- DID NOT EXIT FROM AN ALLOWABLE SIDE OF A~ c----
lC
~ ~---- MATNO(J) : AN USED AS FLAG TO INDICATE AN

OF WHICH REGION THE

THAT AN ADJACENT

THAT THE LASER BEAM
REGION .

THAT A PHYSICAL SOLUTION

THAT A SECOND ANGLED

THET THE LASER BEAM
REGION.

EXIT ELEMENT
1
1 ;---- TCORO: THE TWO DIMENSIONAL ARRAY CONTIANING THE
; ~---- COORDINATES OF THE INPUT BOUNDARY POINTS.

1 c----
1 c---- SHALF: THE LASER BEAM HALF ANGLE.
~ c----

1 C---- SCXADJ IS A VARIABLE USED BY THE DISSPLA GRAPHICS PACKAGE TO
j ~---- CONTROL THE SIZE OF THE PLOT IN THE X DIREtTIDN.

1 C---- SCYADJ IS A VARIABLE USED BY THE DISSPLA GRAPHICS PACKAGE TO
1 C---- CONTROL THE SIZE OF THE PLOT IN THE Y DIRECTION.
lC
] ~---- XENT1(J): AN ARRAY WHICH LISTS THE X COORDINATE OF THE poIMT AT

- -- MHCIH THE FIRST LASER 8EAM ENTERS REGION J.
~ c----

1 C---- YENTI(J): AN ARRAY WHICH LISTS THE Y CDoRoINATE oF THE poINT AT
1 c---- WHCIH THE FIRST LASER BEAM ENTERs REGION J.
1 c----
1 C---- XENT2(J): AN ARRAY WHICH LISTS THE X COORDINATE OF THE POINT AT
1 c---- WHCIH THE SECOND LASER BEAM ENTERs REGION J.
~ c----

1 c---- YENT2(J): AN ARRAY WHICH LISTS THE Y COORDINATE OF THE POINT AT
1 C---- WHCIH THE SECOND LASER BEAM ENTERS REGION J .
~ c----

1 C---- XEXTI(J) : AN ARRAY WHICH LISTS THE X COORDINATE OF THE POINT AT
1 C---- WHCIH THE FIRST LASER BEAM EXITS REGION J.
1 c----

,.

1 c---- YEXT1(J): AN ARRAY WHICH LISTS THE Y COORDINATE OF THE POINT AT
1 C---- WNCIH THE FIRST LASER BEAM EXITS REGION J.
1 c----
1 C---- XEXT2(J): AN ARRAY WHICH LISTS THE X COORDINATE OF THE POINT AT
; ~~~~~ WHCIH THE SECOND LASER BEAM EXITS REGION J.



PROJECT: 15712
LIBRARY: PLOT
TYPE: OATA

MEMBER: MESHREP2
LEVEL: 01.21
USERID: T5712

DATE: 84/09/06
TIIIE: 10:29
PAGE: 04 OF 22

ART
OL ---. +---- l----+ ----2 ---~+ ----3 ----+ ----4 ____+ --__5----+___-6 ___-+ ----7 ----+ ----8

1 c----
~ ~----

1 c----
1 c----
1 ~----
1 c----
1 c----
1 c----
1 c----
1 c----
1 c----
1 c----
1 c----
1 c----
1 c----
1 c----
1 c----
lC
7
7
lC
1 c----

.1 c
7
7
7
7
lC
1 c----
1 c----
lC
7
7

YEXT2(J) : AN ARRAY WHICH LISTS THE Y COORDINATE OF THE POINT Al
WHCIH THE SECOND LASER BEAM EXITS REGION J.

THETA(J): DIRECTION ANGLE OF THE LASER BEAM WHILE IN REGION
J.

TINDX(I):THE INDEX OF REFRACTION FOR REGION J.

TINW$ THE IN DEX OF REFRACTION FOR WATER

TINP* THE INDEX OF REFRACTION FOR PLEXIGLASS.

XTEMP: X COORDINATE OF THE SPECIFIEO PROBE VOLUME LOCATION

YTEMP: Y COORDINATE OF THE SPECIFIED PROBE VOLUME LOCATION.

READ AND PRINT THE TITLE OF THE MESH

REAO(5,900) NTITLE 203
WRITE (6,901) NTITLE 204

READ IN THE INFORMATION DEFINING THE OUTLINE OF THE MESH

READ (5,905) NPOIN, NELEM 206
WRITE (6,910) NPOIN, NELEM
WRITE (6,920)

207
305

WRITE (6,925) 307

READ IN AND WRITE THE CONNECTIVITY MATRIX OF THE POINTS OUTLINING
THE MESH.

DO 10 IELEM=l, NELEM
READ (5,905) NUMEL, (I HDDS(NUMEL, INODE) ,INODE=1,8),

6 lMATNO(NUMEL ), NCOL(NUMEL)
4 10 WRIT E(6,926) NUMEL, (I NODS(NUMEL, INODE). INODE=1,8) ,
6 lMATNO(NUMEL)

i i---- REAo IH AND WRITE THE COORDINATES OF THE NODE POINTS OUTLINING THE
1 C---- 80 UNDARY OF THE MESH.
lC
7 WRITE (6,930)
? WRITE (6,935)

DO 20 IPOIN=l}NPOIN
; READ (5,940) JPOIN. (TCORD(JPOIN, IDIME), IDIME=1>2)

401
402

402

403
604
407

MESHREP2 ““



PROJECT: 15712
LIBRARY: PLOT
TYPE: DATA

OATE: 84/09/06
TIME: 10:29
PAGE: 05 OF 22

ART
01 ----+ ----1----+----2----+----3-- --+----4 ----+ ----5 ----+ ----6 ----+ ----7 ----+ ----8

20 WRITE (6,941) JPOIN, (TCORD(JPOIN, IOIME), IDIME=I,2)
c
c---- READ IN THE INITIAL LASER DATA
c

J=l
READ(5,960) NREGIO(J), XENT1(NREGIO (J)), YENT1(NREGID(J) ), SHALF.

XT INW, TINP
WRIT E(6,963) TINW, TINP

e
E---- READ IN GRAPHICS DATA
c

READ(5,950) NDGRAF
;~~~Rj5,955) SCXADJ, SCYADJ

900 FORMA
901 FORMA
905 FORI
Q1 O FORP

i)
F15.5,3X, F15.5)

iT (12A4)
\T (///, IX, ~X~*X~MkX~X~*~*~XM ‘,12 A4,’*xxxxx~x~xx xxx’,//)

MAT (1115)
. . . -.. MAT (/,6X, ‘AUTOMATIC DATA GENERATION FRD>M’ ,14, ‘ LOCATION’ ,

1; POINTS ANO’ ,13, ‘ OATA 8LOCKS’ )
920 FORMAT (/,6 X, ’DATA BLOCKS’ )
925 FORMAT (/, ‘ BLOCK NO. ‘,22 X, ’DEFINITION POINTS’ ,36X. ‘FLAG’)
926 FORMAT (1X,18,5X,8(15,2X),5X,15)
930 FORMAT (/,6X, ‘LOCATION OF POINTS’ )
935 FORMAT (/,4 X,’ POINT NO’ ,5X, ‘X-COORD.’, IOX, ‘Y-COORD’)
9*O FORMAT (I1O,2FI5.5
941 FORMAT (I X, I1O,3X,
950 FORMAT (215)
955 FORMAT (7 FI0.4)
960 FORMAT(15~~~fi ~$
963 FORMAT(/

xfINOEX O
999 FORMAT(’

1001 FORMAT (2 013, F1O.3)
1002 FORMAT( ‘ EL EMNT NUMBER, ANGLED SIOE’ )
1003 ~~~MAT(2(2X,15)l

‘;;-iii~i’OF REFRACTION FOR MATER= ‘, D15.5,3X,
IF REFRACTION FOR PLEXIGLASS= ‘, D15.5)

ELEMENT NUMBER ,ADJACENT ELEMENTS, INDEX OF REFRACTION’ )

c

XJ3, J4, J,
xIFLAG5,1FL AG6,1FLAG7,1FLAG8, IFLAG9

REAL*4 COOROI(400 ), COOR02(400 ), WORK(6000)
KGRAPH=o

c

405
+06
408
408

501-.—

205

MESHREP2 ‘-



PROJECT: 15712
LIBRARY: PLOT
TYPE: DATA

ART

DATE: 84/09/06
TIME: 10:29
RAGE: 06 ‘OF 22

. .
OL ----+---- l----+ ----2 ----+ ----3 ----+ ----4 ----+ ----5 ----+ ---_~__--+----7 ----+ -----

1 c----
1 c----
Ic
7
7
Ic
1 c----
lC
; :----

7
7
7,
Ic
1 c----
Ic

7;
7
7
Ic

----

: :----
lC
7
7
7
7
7

;;
10
10

3 10
lC
1 c----
lC.

;
7
7
1 c’
1 c----
1 c----
Ic
7
7

; 15
Ic
1 c----
lC

THIS ROUTINE DRAWS THE GENERATED MESH USING TNE DIsSPLA GRAPHICS 00040000
SYSTEM.

00040000
cALL DIGEST
CALL NOBRDR

THIS COMMAND SETS THE PHYSICAL LOCATION OF THE COORDINATE (0,0)
ON THE PLOT. FOR THIS CASE THE PLOT ORIGIN IS LOCATEO 0.75 INCHES
FROM THE LEFT EDGE AND 0.75 INCHES FROM THE. BOTTOM.

XPNYS=O.75
YPHYS=O.75
CALL PHYSOR(XPHYS, YPHYS)

TNIS COMMAND SETS THE TOTAL

CALL PAGE(ll.9375,8 .500)

SIZE OF PLOTTING AREA.

00 C40000
XPAGE=6.5
YPAGE=6.5

THE FOLLOWING DO LOOP DETERMINES THE STARTING POINT,
STEP SIZE, AND ENDPOINT FOR THE X AXIS AND Y AXIS ES.

YMAX=TCORD(1,2)
YMIN=TCORD(1,2)
XMAX=TCORO(l,l)
XMIN=TCORD(l,l)
DO 10 1=1, NPOIN

IF(xMAX. LT. TCORD(I,l )) XMAX=TCORD(I, 1)
IF(XMIN .GT. TCORO(I, I)) XMIN=TCORD(I, 1)
IF(YMAX. LT. TCORO(I,2) )YMAX=TCORO(I,2)
IF(YMIN .GT. TCORD(I,2) )YMIN=TCORD(I,2)

CONTINUE

THE CODE DETERIMNES WHCIH OF THE FIGURE DIMENSIONS IS THE LARGEsT

SCAL El=XflAX-XMIN
SCALE2=YMAX-YMIN
SCALE3=SCALE2/SCALEl
SCALE4=SCALEl/SCALE2

00450000
00460000
00600000
00610000
00620000
00630000
00640000
00650000
00660000
00670000
00680000
00690000
00700000
00710000
00720000
00730000

THE CODE ADJUSTS THE OTHER DIMENSIOH SO THAT THE FIGURE WILL BE
DRAWN TO sCALE AND SO THAT ALL OF IT WILL FIT ON THE PAGE.

IF(SCALE3. GT.1.0) GO TO 15
YPAGE=YPAGEXSCALE3
GO TO 16
XPAGE=XPAGEMSCALE4

IF FOR SOME REASON YOU DO NOT WANT THE FIGURE DRAWN TO SCALE, USE
THE VARIABLES SCXADJ AND SCXYADJ TO ADJUST THE SCALE OF THE X AND
Y AXIS. A VALUE OF 1.0 FOR SCXADJ ANO SCYAOJ MEANS THAT SCALE FOR
X ANO Y AxIS UILL BE THE SAME. A VALUE OF 1.0 FOR SCXADJ

00740000’
00750000

..

MESHREP2 ,



‘ART
:OL

1
1
1
1
1
1

;
1
1
1
1
I

:
1
1
1
1

;
7
7
1
1
1
1
1

;
1
1
1
1
1

;
1
1

1;
16
16

:
1
1
1
1
1
1

;!

PROJECT: 15712 ~~l~fR: ~fS;~EP2
;;;~~RY: PLOT

OATE: 84/09/06

DATA
TIME: 10:29

USERID: 15;12 PAGE: 07 OF 22

---- ----1 ----+ ----2 ----+----+ ~----+---- 4 ---- +----- 5 :---+---- 6 ----+---- 7 ----+---- 8

c
c
c

:----
c

16

c
c
c----
c----
c
c

c
c
c---
c
c

c
c
c----
c----

:

c
c
c----
c----
c
c

c
c----
c

:;

:
c----
c----
c
c

40

ANO 2.0 FOR SCYADJ
TWICE THE SCALE OF
ANO 2.0 FOR SCXAOJ
TWICE THE SCALE OF

xPAGE=XPAGEXSCXAOJ
YPAGE=YPAGExSCYADJ

THIS COMMANO MAKES
AREA .

MEANS THAT THE SCALE OF THE Y AXIS WILL BE
THE X AXIS. A VALUE OF 1.0 FOR SCYADJ
MEANs THAT TNE SCALE OF TNE X AXIS WILL BE
THE Y AXIS.

THE FIGURE FIT WITHIN TNE PLOTTING

00470000
00470000
00480000
00690000
0U500UIJ0
00500000

CALL AREA20(XPAGE, YPAGE)

DISSPLA HEADIHG COMMAND

CALL HEADIN(NTITLE, IO0,3,1) 00590000
XSTEP=(XMAX-XMIN )/10. 00740000
YSTEP=(YMAX-YMIN )/10. 00750000

00760000
00760000

THIS COMMAND SETS TNE SCALE OF THE GRAPH ACCOROING TO VARIALBES INO0770000
THE ARGUMENT.

CALL GRAF(XMIN, XSTEP, XMAX, YMIN, YSTEP, YMAX)

THIS SECTION OF THE ORAPHICS ROUTINE DRAMS THE INPUT
COLORS IT.

00 42 IBLOC=l, NELEM

SET UP THE COORDINATE ARRAYS TO OUTLINE THE BLOCK.

BLoCK AND

00 35 ISIDE=1,8
COORO1( IS IDE)= TCORD(INOOS(IBLOC, IS IOE),l)
COOR02(ISIDE )= TCORD(INODS (I BLOC, ISIOE) ,2)

CONTINUE
CONTINUE

TNE sTARTING POINTS AND EHD POINTS FOR THE OUTLINE MUST BE rHE
SAME. THE CODE ADJUSTS THE OUTLINE ARRAYS TO REFLECT THIS.

COORD1(ISIOE) =TCORD(INOOS( IBLOC, 1) ,1)
COORD2( IS IOE)=TCORO( INOOS(IBLOC, 1),2)
CONTINUE

00780000
00780000
00790000

.,
MESNREP2



PROJECT: T5712 MEMBER: MESHREP2
LIBRARY: PLOT

DATE: 84/09/06
LEVEL:

TYPE:
01.21

DATA
TIME: 10:29

USERID: T5712 PAGE: 08 DF 22
iART
:OL ----+ ----l-. --+----2 ---;+ ----3 ----+ ----$ ____+ ----5 --_-+ ----6 -_-_+ ----7 __--+ ----a

c
c
c----
c
c
c
c----
c
c

“:’
c----
c
c

+2

:
c----
c
c
c----
c
c

50

E----
c

65

THE CODE COLORS IN THE INPUT BLOCK ONLY IF A COMMAND IS GIVEN
TO DO THIS IN A CERTAIN CDLOR. IF NO CDLOR, IS GIVEN THE COOE
ASSUMES THE USER DOES NOT I.IANT THE INPUT BLOCK SHADEO IN. A
OEFALUT VALUE OF O FOR COLOR INSTRUCTS THE CODE TO NOT SHADE
IN THE INPUT BLOCK.

IF(NCOL(IBLOC) .EQ. O)GOTD 42
IFCNCOL(IBLOC) .EQ.8>NCOL CIBLOC)=0
CALL NEWPEN(NCOL (IBLOC))

THE CODE USES TNE OISSPLA SHADE COMMAND TO COLOR THE BLOCK IN.

CALL SHADE (COORD1, COORDZ, IS IDE,90 .O, O. 010,1, WORK,6OOO)
CONTINUE

THE CODE HOW DRAWS THE MESH ON TOP OF INPUT BLOCK. IT
ACCOMPLISHES THIS TASK 8Y CONNECTING POINTS. THE CODE GOES THROUGH
THE ELEMENT CONNECTIVITY MATRIX ANO DRAWS A LINE CONNECTING EACH
ONE OF THE NODE POINTS IN THE PROPER FASHION.,

DO 60 IBLOC=I, NELEM
DO 50 INODE=1,9

IPLOT2=INODE
IF(INOOE. EQ.9)IPLOT2=I
NNPOIN=INODS( IBLOC, IPLOT2)
COORDI( INOOE)=TCORD( NNPOIN, I)
COORD2(INODE) =TCORD(NNPOIN,2)

CONTINUE
CALL NEWPEN(1)

00 ;; ;;; ,8

CA:L RLVEC(CDORD1 (I), COORD2(I
CONTINUE

CONTINUE
CALL NE1.3PEN(6)

),COORD1(II),COORD2(

NOW DRAM THE PATH OF THE FIRST LASER BEAM

“II),o)

DO ;;_;3=l, J4

1=1 ,.

COORD1(I)=XENT1 (NREGIO(13))
COORD2(I)=YENT1 (NREGIO(13))
COORD1(II) =XEXT1(NREGIO(13))
COORD2(II) =YEXT1(NREGIO(13))
cALL. RLvEc(cooRDl (I),, cooRD2(I), cooRol(II), cooRD2(II), o)

CONTINUE

rnESHREp2 :



PROJECT I T5712
LIBRARY: PLOT
TYPE: OATA

DATE: 84/09/06
TIME: 10:29
P,AGE: 09 OF 22

----+----l----+----2----+----3----+----4----+----5----+----6----+----7----+----8

c
~---- NOW ORAU THE PATH OF THE SECOND LASER BEAM

1=1
COORDl(I)~XENT2 (NREG12(13))
COOR02(I)=YENT2 (NREG12(13))
COORDI(II) =XEXT2(NREG12(13))
COOR02(II) =YEXT2(NREG12(13))
CALL RLVEC(COORDl (I), COOR02(I), COOROl(II), COORD2(II), O)

85 CONTINUE
CALL ENOPL(0)
CALL OONEPL(0)
RETURN
FNn

.-, . . ,-.
II IFLAG5, 1FLAG6,1FLAG7 }IFLAG8, IFLAG9

COMMON /R EG/SLOPE2, B2, THPLEX, THWAT}IFLAG, IFLAG2,1TEMP
c
C---- TNIS SUBROUTINE INITIALIZES THE LASER DATA. IT CALLS THE OTNER
C---- TWO OTHER LASER ROUTINES WHICH TRACE THE PATH OF TNE BEAM.
c
c----
C---- LOCAL SUBROUTINE VARIA8LES
c----
~---- SLOPE2: THE SLOPE OF A SIOE OF AN ELEMENT. IT IS USED IN
C---- CALCULATING THE EQUATION FOR A SIDE OF AN ELEMENT.
c----
C---- B2: THE Y INTERCEPT, OF THE EQUATION OF FOR AN
C---- ELEMENT.
c----
c---- THPLEx: THE DIRECTION ANLGE OF THE LASER BEAM IN Ttl E PLEXIGLASS.
C---- ( ASSUMES NO AHGLED SURFACE).
c----
C---- THWAT: THE DIRECTION ANLGE OF THE LASER BEAM IN THE WATER.
C---- ( ASSUMES NO ANGLEO SURFACE).
c----
C---- IFLAG: A FLAG VARIABLE USED TO INOICATE IF THE LASER BEAM HAS
C---- EHTERED A BOUNDARY REGION.
c----

MESNREP2 <
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PROJECT! 15712 ~~~~~R: ~fS}~EP2
LIBRARY: PLOT

OATE: 84/09/06
TIME: 10:29

TYPE$ DATA IJSERID: T5;12 PAGE: 11 OF 22
ART
:01 ----+ ----l----t----2 ----t ----3 ----+ .---4 --.-+ ----5 ----+ ----6 ---- +---- 7 ----+---- 8

7 IFLAO=O
7 Y1=YExT1(NREGIO( J))

00 40 1=2, J
Ii NREOIO(J)=O

1 40 CONTINUE
7 J,l

7 SHALF=-SHALF
1 P

i E---- comPuTE HALF ANGLE OF THE LASER IN WATER AND PLEXIGLASS ASSUMING
1 C---- NO ANGLEO SURFACES

7
7
7
1
1
1
1
7

c

:2

c----
c----
c
45

c
c----
c----
c

7

j
7
7
ic

I 1 c----
1 c----

THWAT=OARSIN( l./TINWIfOSIN( SHALF))
THETA (NREGIO(J))=THWAT
THPLEX=DARSIN( l.OOO/TINP*DSIN (SHAL
CALL YPOINT
IF(IFLAG5. EQ. IJ GOTO 6BI
IF(IFLAG6. EQ.1) GOTO 685
IF(IFLAG7. EQ.1) GOTO 690
IF(IFLA08. EQ.1) GOTO 693
IF(IFLAG9. EQ.1) GOTO 696
Y2=YEXT1(NREGI0 (J))
DO 42 1=2, J

NREGIO(J)=O
CONTINUE

F))

CALCULATE EXIT POINT FOR THE FIRST BEAM ASSUMING NO ANGLEO
SURFACES

CONTINUE
REAO(5,995) IBLOC, NTPOIN
IF(IBLOC. EQ. O)GD TO 800
00 500 15=1, NTPOIN
IFLAG=O
J,l
iREGIo(J)=IBLOc
REAO(5,1200) XEHT1(NREGIO(J)),YENTI(NREGIO(J))
SHALF=DABS(SHALF)

COMPUTE HALF ANOLE OF THE LASER IN WATER AND PLEXIGLASS ASSUMING
NO ANGLED sURFACES

STORE THE POINTS THROUGH WHICH THE FIRST BEAM ENTERS AND EXITS
EACH REGION. THESE WILL BE SUBSEQUENTLY USED IN THE GRAPHICS

MESHREP2 ‘“

,“
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PROJECT: T5712 MEMBER: MESHREP2
LIBRARY: PLOT

OATE: 84/09/06
LEVEL: 01.21

TYPE!
TIME: 10:29

DATA USERIO: T5712 PAGE: 12 OF 22
~~T

----+----1----+----2---:+ ----3----+----4----+----5----+----6----+----7----+----8

~ ~---- ROUTINE

7 ANGL1=THETA (NREGIO(l))
IF LAG=O

; J3=J
7 DO 60 1=1, J3
7 NREG12(I)=NREGI0 (I)
7 YEXT2(NREG12 (I))= YEXT1(NREGIO(I))
7 YENT2(NREG12 (I))= YENTI(NREGIO(I))
7 XEXT2(NREG12( I))= XEXT1(NREGIO(I))
7 XENT2(NREG12 (I))= XENTI(NREGIO(I))
7 NREGIO(I)=O
7 NREGIO(1)=NREG12 (1)
1 “60 CONTINUE
lC
1 C---- NOW COMPUTE TNE PATH FOR THE SECOND BEAM
Ic
7 J=l

7 SNALF=-SHALF
lC
1 c---- COMPUTE HALF ANGLE OF THE LASER IN WATER ANO PLEXIGLASS ASSUMING
1 C---- NO ANGLED SURFACES

c

F))

7
7
7
7
7
1
1

;
1
1
1
7
7
7
7

;
1

;
7
7
7

c
c----
c

c
c----
c

c

;----

J4=J

NOW COMPUTE TNE ACTUAL HALF ANGLE OF THE LASER BEAMS IN WATER

THALF:(ANQL1-ANGL2 )/2. oDo

NOW COMPUTE THE DIRECTION OF THE VELOCI1 f VECTOR

TDIR'90 .000*3.141592656 DOZ180. OOO+((ANGLI+ANGLZ )/Z. ODO)
THALF=THALFx180 .oDo/3. Iq159z65qD0
TDIR=TDIR* 180.0 DO/3.14159 Z654D0
SHALF=-SHALF

NOW CALCULATE HOW FAR THE LASER SHOULO BE MOVED FROM THE ,.
POSITION SO THAT ME CA14 MEASURE AT THE DESIRED POINT.

YREF=(Yl+Y2)/2. oDo
sEPl=(Y1-Y2)/2. oDo
YCENT=(YEXT2(NREG12 (J3))+YEXTl(NREGI0 (J4)))/2. OOO
YCENT=YCENT-YREF

7 XcEN1=(YEXT2 (NREG12(J3 ))-YEXTI(NREGIO (J4)))/Z. ODO

MESHREP2 ‘“

..
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PROJECT: 15712 ~;~~:~: ~fS}~EP2
LIBRARY: PLOT

OATE: 84/09/06 MEsHREp2 _-
TIME: 10:29

TYPE! DATA USERIO: T5j12 PAGE: 13 DF 22
ART
DL ----+ ----l ----3 ----2 ----t----3 ----+ ----4 ----+ ----5 ----+ ----6 ----+ ----7 ----+ ----8

XCENT=(SEP1-XCENl )/DTAN(SHALF)

.

7
lC
! ~---- PRINT OUT THE RESULTS

U
;
7
7
7
7
7
6
1 500
7
1 681
7
7

$
7
7
7
7
7
7
6
7
1 685
7
7
7
7
7
7

;

;
6
7
1 690
7

!
7
7

;
7
7
7
6
7
1 693
7

SHAL2=SHALFX180 .000/3.14159265400
WRIT E(6,9SO)
WRITE(6,951) THALF, TOIR, SHAL2
WRITE(6 ,968) XENTI(NREGIO( I)), YENT1(NREGIO(l)
WRITE(6,967) YCENT, XCENT
WRITE(15,970) XENT1(NREGIO( 1)), YENT1(NRF510(I

HX1l, YII, THALF, TDIR
CONTINUE
GO TO 4S
CONTINUE
WRITE(6,950)
WRITE(6,968) XENT1(NREGIO( I) I, YENT1(NREGIO(l)
14RITE(6,966)
XENT1(NREGIO( I))=O. O
YENT1(NREGIO( l))=O. O
XCENT=O. O
YCENT=O. O

)

)), XCENT

)

THALF=O. O
TOIR=O. O
WRITE(15,970) XENT1(NREGIO( l)), YENTI(NREGIO( l)), XCENT

If~~l;;l; ;THALF, TOIR

CONli Htii
WRIT E(6,950)
WRITE(6,968) XENTI(NREGIO( l)), YENT1
WRITE(6,1250)
XENT1(NREGIO( I))=O. O
YENT1(NREGIo( II)=O. O
XCENT=O. O
YCENT=O. O
THALF=o. o

(NREGIO(I ))

TDIR=O. O
WRIT E(15,970) XENT1(NREGIO( I)), YENT1(NREGIO( l)), XCENT

X{; l;[l~; THALF, TOIR

CONliNUi
IARITE(6,950)
L4RITE(6,968) XENT1(NREGIO( I)), YENT1(NREGIO(I))
WRIT E(6,1150)
XENT1(NREGIO (l))=O. O
YENT1(NREGIO(l ))=O. O
XC ENT=O. O
YCENT=O .0
THALF=O. O
TtLIR=o.0. . .
WRIT E(15,970) XENTI(NREGIO (l)), YENT1(NREGIO(l)) ,XCENT

xX1l, Y1l, THALF, TDIR
GO TO 45
CONTINUE
WRITE(6,950)

“,YCENT,

‘, YCENT,

‘, YCENT,

,,

‘, YCENT,



PROJECT: T5712 ~~~~~R: fl;S;; EP2
LIBRARY: PLOT

DATE: 84/09/06 MESHREP2 “
TIME: 10:29

TYPE: OATA USERI; : T5~12 PAGE: 14 OF 22
ART
OL ----+ ----l ----+ ----2 ---~+ ----3 ----+ ----4 ----+ ----5 ----+ ----6 ----+ ----7 ----+ ----8

.,
.

7
7
7
7
7
7
7
7
7
6
7

+
7
7
7
7
7
7
7

696

7
7
6
7

800

950
951

966
967
968
969

970
995
10$0

1041
1150
1200
1250

c

c

WRIT E(6.968) XENTI(NREGIO (l)) .YENT1(NREGIO(I) )
WRIT E(6,1040)
XENT1(NREGIO( l))=O. O
YEN TI(NREGIO(l))=O. O
XCENT=O. O
YCENT=O .0
THA[. F=O. fl /. . . .
TDIR=O. O
WRIT E(15,970) XENT1(NREGIO( l)), YENT1(NREGIO (l)), XCENT, YCENT,

IIX1l, YII, THALF, TOIR
Go ?0 ik
CONTINUE
WRITE(6,950)
WRIT E(6,968) XENTI(NREGIO( I)), YENTI(NREGIO(l))
WRITE(6,104I)
XENT1(NREGIO (l))=O:O
YENT1(NREGIO(l ))=O. O
XCENT=O .0
YCENT=O. O
TNALF=LI. o
TOIR=O.O
WRIT E(15,970) XiNll(NREGIO (l)), YENTl(NREGIO(l) ), XCENT>YCENT,

XX1l, Y1l, THALF, TOIR
GO 10 4S
CONTINUE
RETURN
FORMAT(//’ q)
FORMAT(’ ALTERED HALF ANGLE =’ ,2X,015.5,’ ANGLE OF VELOCITY VECTOR

x( MEASURED FROM THE HORIZONTAL )=1, ZX,015 .5,/,
x$ HALF ANGLE OF THE LASER IN AI R’ ,2 X,015.5)

FORMAT( * ERROR: NO AOJACENT NREGIO FOUNO1 ,2(2X,15))
FORMAT( c OELTA Y =’, F15.5,’ OELTA X = ‘, F15.5)
FORMAT( $ MEASUREMENT POINT IS X = ‘,015 .5,1 Y =1,015.5)
FORMAT(! REFERENCE POINT IS X= ’,015.5,2X, r Y= ’,015.5,/

*, I HALF ANGLE OF THE BEAM lN UATER MITH NO ANGLEO SURFACES z,,
xnl ~.=.)

FORMAT (6(2 X,010 .3), /,2(2 X, D15.8))
FORMAT (2110)
FORMAT( ‘ HAVE ENTERED A DIFFERENT ANGLED REGION, OR HAVE ENTERED

MA SECOND ANGLEo REGION ---NO SOLUITON EXISTS1 )
FORMAT( i ERROR NO EXIT POINT HAS BEEN FOUNO’ )
FORMAT(’ 010 NOT ENTER ORIGINAL ANGLEO REGION’)
FORMAT( 015.5, D15.5)
~fl;MAT( ‘ HAVE EXITED FROM THE WRONG SIDE OF A REGION’ )
----
#xMlfKxlfllxx?flfxxlf H*
SUBROUTINE YPOINT
XMHHXMHXXKMXXXKXII
IMPLICIT REAL M8(A-H, O-Z)
COMMON TcORO(ZOO0,2) ,

KXENT1(50), YENT1(50), XEXT1(50 ), YEXTI(50), THETA (50),
XTINOX(50), XENT2(50), YENT2(50) ,XEXT2(50), YEXT2(50),
MSCXADJ, SCYAOJ, SHALF, TINW, TINP, XT EMP, YTEMP,
XMATNO( 1501), NPOIN, NELEM,

,,,, 203

205
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PROJECT: 15712
LIBRARY: PLOT

~eT TYPE$ DAT h

OATE: .s4/09/06
,TIME: 10:29
PAGE: 15 OF 22

-.. .
01 ----+ ----l ----+ ----2 ----+ ----3 ----+ ----4 ----+ ----5 ----+ ----6 ----+ ----7 ----+ ----8

6 II LNAOJ(50,20 ), NREGIO(50 ), NREG12(50), IANG(50),
6 xINOOS( 1501,8),
6 HNIITLE( 10), NCOL(lOO), NOGRAF,
6 lfJ3, J4, J,
6 MI FL AG5,1FLAG6,1 FL AG7,1FLAG8, IFI, AG9
7 COMMON /REG/SLOPE2,82, THPLEX, TNUAT, IFLAG, IFLAG2,1TEMP
lC
1 C---- THIS SUBROUTINE DETERMINES THE EXIT POINT OF THE LASER BEAM AS
1 C---- LEAVES ONE REOION AND ENTERs ANOTHER REGION.
lC
1 c---- THIS 5U8ROUT1NE DETERMINES THE EXIT POINT OF THE LASER BEAM AS
; :---- LEAVES ONE REGIoN AND ENTERS ANOTHER REGION.

1 c---- SET UP SOME INTITIAL FLAO VARIABLES
ic
~ ~----

i :----’
lC
1 c----
1 c----
lC
1 c----
1 c.---
1 c----
1 c----
1 c----
: gz---

---
~ c----
1 c----
1 c----
1 c----
1 c----
1 G----
1 c----
1 c----
1 c----
1 c----
I c----
1 c----
1 c----
1 c----
~ c----
1 c----
1 c----

;
7
7

IFLAG2: INDICATES IF AN ANGLED REGION HAS BEEN FOUND.

IFLAG3: KEEPS TRACK OF THE FIRST ANGLED REGION ENCOUNTERED.

JCHEC: A FLAO VARIABLE USED TO KEEP TRACK OF THE NUMBER OF
ANGLED REGIONS FOUND.

ITEMP: A TEMPORARY VARIABLE USED BY SUBROUTINE YPOINT. THIS
VARIABLE KEEPS TRACK OF WHICH EL EMEHT THE BEAM IS IN AS THE
COOE WORKS ITS WAY THROUGH THE VARIOUS REGIONS.

SLOPE1 : THE CODE DETERMINES A LINEAR EQUATION WHICH DESCRIBES THE
PATH OF THE LASER BEAM THROUGH EACH REGION. SLOPEI IS THE sLOPE
OF THIS EQUATION.

BI : THE CODE DETERMINES A LINEAR EQUATION WHICH DESCRIBES THE
PATH OF THE LASER BEAM THROUGH EACH REGION. B1 IS THE Y INTERCEPT
OF THIS EQUATION.

XlNT: THE X COORDINATE OF THE CALCULATED POINT AT
8EAM EXITS THE REGION.

YINT : THE Y COORDINATE OF THE
BEAM EXITS THE REGION

IFLAG3: A VARIABLE WHICH KEEPS
ENCOUNTERED.

CALULATED POINT AT

TRACK OF THE FIRST

L.IHIcH THE LASER

WHICH THE LASER

ANGLEO REGION

ALPH2: THE ANGLE BETWEEN A SLANTED SIDE DF AN ELEMENT AND THE
HORIZONTAL .

JCHEC=O
IFLAG3=0

,,

IFLA07=0
IFLAG8=0

MESHREP2 ““
.

.

7 IFLAG9=0
1 10 CONTINUE
7 IF(J. LT.2)G0 TO 20
Ic



PROJECT: T5712 ~~~~JR : ~:S~~EP2
LIBRARY: PLOT

DATE: 84/09/06 MESHREP2 “’

TYPE: DATA
TIME: 10:29

ART
USERID: T5;12 PAGE: 16 OF 22

DL ----+ ----1 ----+ ----2---: +---- 3----+ ----4 ----+ ----5 ----+ ----6 ----+ ----7 ----+ ----8
.’

.

1 C---- DETERMINE TNE HALF ANGLE OF THE LASER BEAM FOR THE CURRENT REGION
ic
7 THETA (NREGIO(J) )= OARSIN(TINDX( NREGIO(J-l ))/TINOX(NREGIO (J))~
6 MoSIN(THETA (N REGIO(J-1)) ))
1 15 COtiTINUE
1 20 CONTINUE—.

c
c----
c----

c
21

7
ic
1 c----
1 c----
lC
7

DETERMINE THE EQUATION WHICH DESCRIBES THE PATH OF THE RAY
IN THE GIVEN REGIDN
SLOPEI=DTAN(THETA (NREGIO(J)))
Bl=yENTl(NREGIO (J)) -SLOPEIMXENTI (NREGIO(J))

~~~~INUE

13=3
DO 110 1=1,3

FOR A GIVEN SIDE OF THE CURRENT REGION, DETERMINE YMAX, YMIN>XMAX>
AND XMIN FOR THAT SIDE.

YMAX=DMAX1 (TCORD( INOOS(NREGIO(J) ,12),2 ), TCORD(INODS (NREGIO(J) ,13),
*7))3 -..

.; YMIN=DMINl (TCORD( INODS(NREGIO (J), 12),2), TCORD(INODS (NREGIO(J), I3),
6 X2))
7 XMAX=DMAX1 (TCORO(INODS (NREGIO(J) ,12), 1), TCORD(INODS (NREGIO(J), 13),
6 xl))
7 XMIN=DMINl (TCORD(INOOS (NREGIO(J), 12),1), TCORD(INODS (NREGIO(J), I3),
6 *l))
lC
1 C---- DETERMINE IF THIS SIDE IS A SIDE OF CDNSTANT X, CONSTANT Y, OR IF
1 c---- THE SIDE IS SLOPED.
lC

10 IF(TCORDt INODS(NREGIO (J), 12),l). EQ. TCORD(INODS (NREGIO(J), I3)>
II l))GO TO 30

1! IF(TCORD(INODS (NREGIO(J), 12),2 ). EQ. TCORD(INODS (NREGIO(J), 13),
x 2))G0 TO 40

1: SLOP E2=(TCORO( INODS(NREGIO(J) ,12),2 )-TCORD( INOOS(NREGIO(J) ,13),
6 w ;))/(TCORD( INODS(NREGIO( J), 12),l)-TCORD( INOOS(NREGIO (J), I3),l)
6 *

Ii ~;; ]CORD(INODS (NREGIO(J) t12),2)-SLOPE2kTCORD (I NODS(NREGIO(J), I2
6*
lC
1 c---- OETERMINE THE EQUATION OF THE SLOPED SIDE. USING THIS EQUATION AND
1 C---- THE EQUATION FOR THE RAY, DETERMINE THE INTERSECTION POINT. THEN
1 C---- CHECK TO SEE IF THIS INTERSECTION POINT FALLLS WITHIN THE BOUNDARY
1 C---- OF THE REGION (LABEL 100).
Ic

DCRAM=SLOPE1-SLOPE2
1! YNUM=BIXSLOPE2M (-I.0)+B2XSLOPEI
10 XNUM=B2-B1
10 YINT=YNUM/DCRAM
10 XINT=XNUM/DCRAM
10 00 TO 100

Ic

,,



.

DATE: 84/09/06
TIME: 10:29
PAGE: 17 DF 22

ART “’”-
01 ----+ ----1 ----+ ----2 ----+---- 3.--- +---- G---- +---- 5---- +---- 6---- +--- _7----+-----

I c----

1 c----
1 c----
1 c----
lC
1 30

10
10
10
10
10

lC
1 c----
1 c----

1 c----
~ c----

Ic
140”

10
10
10
10

1 100
10
10
10
10
10
10
10
10
10

II
1:

6 w
1 109

10

1:
1 110
1 120
7
7
7
lC
1 c----
1 c----
lC
1 130

:
1 140
lC
1 c----

}INCE X IS CONSTANT’ ALONG A SIDE, PLUG THIS VALUE OF X INTO THE
EQUATION FOR TNE RAY AND OETERMINE TNE VALUE OF Y. THEN CHECK TO
SEE IF TNIS INTERSECTION POINT FALLS MITHIN TNE BOUNOARY OF THE
REGION (LABEL 100).

CONTINUE
XI NT= TCORD(INOOS(NREGIO (J).12) ,1)
YINT=B1+SLOPEIXXINT
SLOPE2=-1 .0070
B2=-I.0070
GO TO 100

iINCE Y IS CONSTANT ALONG A SIDE, PLUG THIS VALUE OF Y INTO TNE
;QUATION FOR THE kAY AND DETERMINE THE VALUE OF X. THEN CHECK TO
;EE IF THIS INTERSECTION POINT FALLS I.JITHIN THE BOUNOARY OF THE
tEGION (LABEL 100).

CONTINUE
YINT=TCORD( INOOS(NREGIO(J ),12).2)
XINT=(YINT-Bl )/SLOPEl
SI.0PE2=1.0D70
B2=1.0D70
CONTINUE
00 IF= YENTI(NREGIO(J))
0D12=XENTI (NREGIO(J))
IF(DABS(O012 ). LT. 0.00100)OD12=I. ODO
IF(OABS(ODI F). LT. O. OOIOO)ODIF=l. ODO
OOIF=(YINT-YENT 1( NREGIO(J) ))/DDIF
D012=(XINT-XENT1 (NREGIO(J)))ZOD12
IF(SLOPEl. GT. O. OOO. ANO. YINT. LT. YENTl(NREGIO( J)))GO TO
IF(SLOPEl. LT. O. OOO. AND. YINT. GT. YENTl(NREGIO( J)))GO TO
IF(DABS(OOIF) .LT. O. OOOIOO. AND. OABS(DDI2) .LT. O. OOO1OO)
GO TO 109
IF(YINT. LE. YMAX. AND. YINT. GE. YMIN. AND. XINT. LE. XMAX. AND.
XINT. GE. XMIN)GO TO 120
CONTINUE
IF(I. EQ.3)G0 TO 130

109
109

12=12+2
13=13+7

CONiiN~: -
:ONTINUE
KEXTI(NREGIO (J)) =XINT
rEXTl(NREGIO(J ))=YINT
SO TO 140

)NCE ‘THE EXIT POINT FOR REGION J IS FOUNO, DETERMINE THE NEXT
7EGION INTO WNICH THE RAY IS ENTERING. ,.,

:ONTINUE
[FLA09=I
?ETURN
:ONTINUE

;HECK TO MAKE SURE TNAT WE ARE NOT ALREAOY IN THE LAsT REGION.

MESNREP2 ‘-



PROJECT$ T5712 MEMBER] MESHREP2
LIBRARY: PLOT LEVEL 1

OATE: 8+/09/06
01.21

TYPE:
TIME: 10:29

OAT A
ART

US ERID$ T5712 PAGE: 18 OF 22

OL ----+ ----l ----+ ----2 ---:+ ----3 ----+---- 4---- +----5 ----+ ----6 ----+ ----7 ----+ ----8

1
7
7
7
7
1
1
1
1
1

;
7
1
1
1
1
1
1
1

;
.7

1
1
1
1

;
7
7
1
1
1
1
1
1
1

;
7
7

c----

500
c
c----
c----
c----
c

“900
c
c----
c----
c----
c----
c----
c

c
c----
c----
c

,C
c----
c----
c----
c----
c----
c----
c

IF(IFLAG. EQ.l)GO TO 500
CALL REOI
IF(IFLAG2. GT. O)GO TO 9oo
GO TO 10
COHTINUE

IF THE 8EAM ENTEREO AN ANGLEO REGION BEFORE THE CODE AOJUSTEO
THE HALF ANGLE, CHECK TO MAKE SURE THAT THE BEAII ENTERED THIS
SAME ANGLEO REGION AFTER THE HALF ANGLE 14AS ADJUSTEO.

IF(IFLAG3. GT.0)00 TO 1100
RETURN
CONTINUE

8ECAUSE THIS IS AN ANGLED REGION, THE COOE NOW CHECKS FOR THE
FOLLOWING:

(1) IS THIS THE FIRST TIME AN ANGLEO REGION HAS
BEEN ENCOUNTERED?

(2) HAVE TWO OR MORE ANGLED REGIONS 8EEN ENCOUNTERED?

IF(IFLA03. NE. IFLAG2. AND. JCHEC. NE. O)GO TO .1000
IF(IFLAG3. EQ. IFLAG2. AND. JCHEC. EQ.l)GO TO 1050

IF THE COOE MAKES TO HERE THIS IS THE FIRST TIME AN ANGLED REGIoN
NAS BEEN ENCOUNTERED.

ALPH2=DATAN( SLOPE2)
IF(SLOPE2. LT. 0.000)ALPH2=3 .141592654 DO+ ALPH2
JCHEC=l
IFLAG3=IFLAG2

THE COOE NOW AOJUSTS THE HALF ANGLE OF THE LASER BEAM IN WATER.
TO 00 THIS, THE CODE DETERMINES THE OROER IN WHCIH THE BEAM
ENTERS AN ANG EO SURFACE, I -E. , 00ES THE BEAM ENTER A REGION

[WHERE THE ANG ED INTERFACE HAS WATER ON THE LEFT ANO PLEXIGLASS
ON THE RIGHT? OR DOES THE BEAM ENTER A REGION WITH WATER ON THE
RIGHT ANO PLEXIGLASS ON THE LEFT?

OI=TINDX(NREGIO (J)) -TINP
D2=TINDX(ITEMP) -TINW
IF(DABS(O1 ). LT. I.00-05. ANO.0A8S(D2) .LT. I. OD-05)

6 @GO TO 910
7 TN ETA(NREGIO (l))= OA'RSIN(TINP/TI NWXOSIN(THPL EX+l.570796300 -
6 xALPH2) )+ ALPH2-1.5707963D0
7 GO TO 920
1 910 CONTINUE
7 TPLEX=DARSIN( TINW/TINPMOSIN( THWAT+I .570796300 -A LPHz) )+ ALPH2-’

‘x1.5707963D0
! THETA (NREOIO(l) )= OARS IN(TINP/TINWXOS IN(TPLEX))
1 920 CONTINUE

; :---- REOO ALL CALCULATIONS MITH THE CORRECTED ANGLE.
lC

MESHREP2
,-



PROJECT: T5712 ~~~~:R : ~fS]~EP2
LIBRARY: PLOT

DATE: 86/09/06

ART TYPE: DATA USERID: T5j12
TIME: 10:29
PAGE: 19 OF 22

01 ----+----l----+----2----+----3----+----4----+----5----+----6----+----7----+----8

7
7
1 1000
7
7
1 1050
lC
1 c----
1 c----
~ ~----
lC
7
7
7
7
7
7
7
7
7
7
7
7
1 1100
7
7
7
lC
7
lC
lC
1 c----
1 c----
lC
7
7

J=l

GO TO 10 ,’
CONTINUE
IFLAG8=1
RETURN
CONTINUE

NoU FOR THE ANGLED REGION WHICH HAS A VERTICAL SURFACE ON THE
RIGNT AND AN ANGLED SURFACE ON THE LEFT, SET THE HALF. ANGLE
OF THE LASER TO ITS KNOWN VALUE.

JCHEC=JCHEC+l
J2=J
J=Jtl
NREGIO(J)=ITEMP
YEtATl(ITEMP )= YExTl(NREGIo(J2))
XENT1(ITEMP )=XEXTI(NREGIO( J2))
O1l=TINDX( ITEMP)-TINP
D12=TINDX( ITEMP)-TINW
IFLAG3=0
IF(D1l. LT. I. 0D-05)THETA( ITEMP)=THPLEX
IF(D12. LT.l.OO-OS)THETA (ITEMP)=THNAT
GO TO 1S
CONTINUE

FOR A RAY WITH A KNOWN EXIT POINT IN A REGION,
DETERMINES THE NEXT REGION WHICH TNE BEAM WILL

203
,’

THIs SUBROUTINE
ENTER.

i
6
6
6
6
6
6

:
7

IMPLICIT t?EAL~8(A-H, O-Z)
COMMON TCORO(2000, Z),

*x EHTlr50 ), YENTl(50 ),xExTl (50), YExTl(50 ), THETA (5o),
*T INDX(SO ), XENT2(50), YENT2(50) >XEXT2(50), YEXT2(50),
*SCXAOJ, SCYADJ, SHALF, TINW, TINP, XT EMP, YTEMP,
KMATNo( 1501), NPo IN, NELErl.
KLNADJ(50,20 ), NREOIO(50) ,NREG12(50 ), IANG(50),
XIHODS(1501, B),
xNTITLE( 10), NCOL(IOO), NOGRAF,
MJ3, J4, J,
MI FL AG5,1FLAG6, 1FLAG7,1FLAG8, IFLAG9

COMMON /R EG/SLOPE2, B2; TNPLEX, THWAT, IFLAG, IFLAG2,1TEMP
1 c----
1 C---- LOCAL SUBROUTINE VARIABLES
1 c----
1 C---- ITEMP: SEE SUBROUTINE YPOINT
1 c----
1 c---- SLOP2: SLOPE FOR SIOE 15 OF REGION ITEMP
1 c----
1 C---- B8: Y INTERCEPT FOR SIDE 15 OF REGION ITEMP

205
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PROJECT: T5712
LIBRARY: PLOT
TYPE: DATA

DATE: 84/09/06
TIME: 10:29
P,AGE: 20 OF 22

.---+ ----l --.. +----2 ---:+ ----3_---+--.-4----+----5_---+----6----+----7 ----+ --_-8

e-.--.
IFLAG2=0
IFLAG5=0
IFLAG6=0
DO 600 1=1,20

IT EMP=LNADJc NREoIo(J), I)
IF(ITEMP.EQ.0)00 TO 601
IF(ITEMP. EQ. NREGIO(J))GO TO 600

.
L

C---- DETERMINE THE MAXIMUM AND MINIMUM BOUNDARIES OF THE
C---- AOJACENT REGIONS.
c

YMAX=DMAX1 (TCORD(INODS (I TEMP,21 ,5) ,TCORO( INOOS(ITEMP,7) ●

X2))
YMIN=OMINl (TCORO(INODS (I TEMP, l).2), TCORO(INOOS (I TEMP,3),

X2))
xmAx=DMAxl (TcoRo(INoDs (I TEMP,3),l), TcoRD(INoD5 (I TEMP.5)#

xl))
XMIN=DMIN1 (TCORD( INODS(ITEMP, 1),1), TCORD(INOD5 (I TEMP,7) ,
xl))
00 598 15=1,3

.

:---- CHECK EACH SIOE OF THE ELEMENT AND CHECK TO SEE IF THE SIDE IS
C---- HORIZONTAL} VERTICAL OR SLANTED.
c

IF(15. EQ.1)12=1
IF(15. EQ.1)13=3
IF(15. EQ.2)12=5
IF(15. EQ.2)13=7
IF(15. EQ.3)12=7
IF(15. EQ.3)13=1
IF(TCORD(INOOS (I TEMP, 12),l). EQ. TCORD(INODS (I TEMP, I3),

* l))GO TO 30
IF(TCDRD( INOOS(ITEMP,12) ,2) .EQ. TCORD(INODS (I TEMP,13),

# 2))G0 TO 40
c
i---- FOR THE GIVEN REGION AND SIDE, COMPUTE THE EQUATION FOR THIS SIOE.
c

SLOP2=(TCORD( INOOS(ITEMP .12),2)-TCORB( INOOS(ITEMP,l3),
k ;))/(TCORD( INODS(ITEMP .12),l)-TCORD( INODS(ITEMP. I3) ,1)
N

~:;;coRo(INoos( ITEMP, 12),2)-sLoP2*TcoRo( INoDs(ITEMP, I2
*

GO TO 100
c
E FOR X CONSTANT ALONO A SIDE
c
3(? CONTINUE

SLOP2=-1.0070
B8=-1.0D70
GO TO 100

c
FOR Y CONSTAHT ALONG AN EOGE

:

,,,

MESHREP2 +.
.,
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PROJECT: t5712 ~~~~~~: flfS;~EP2
\;;~ARY: PLOT

OATE: 84/09/06

DATA
TIME: 10:29

USERID: T5;12 PAGE: 21 OF 22
ART
OL ----+ ----1 ----+ ----2 ----+ ----3 ----+---- 4----+ ----5 ----+ ----6 ----+ ----7 ----+ ----8

1 40 CONTINUE
10 SLOP2=1.,0D70
10 B8=1.0D70
1 100 CONTINUE
i c“”
1 C---- CNECK TO SEE IF THE EQUATION FOR THIS PARTICULAR SIOE OF THIS
1 C---- PARTICULAR ELEMENT MATCHES THE EQUATION OF THE KNOWN SIDE.
Ic

DIFFl=(s LoPE2-s LoP2)/s LoPE2
;: DIFF2=(B2-B8)/B2
10 IF(DABS(OIFFl ). LT.l. 0D-02. AND. DABS(DIFF2) .LT.l. OD-O2)GO TO 590
10 GO TO 595

1 590 CONTINUE
lC
1 C---- THE EQUATIONS FOR THE TWO SIOESMATCHEO, SO NOM CHECK TO
~ ~---- MAKE SURE THAT THE EXIT POINTS FALL WITHIN THE SUSPECTEO REGION.

v.
1: IF(YEXTl(NREGIO (J)) .LE. YMAX. ANO. YEXTl(NREGIO( J)). GE. YMIN. ANO.

6 x XEXT1(NREGIO (J)) .LE. XMAX. AND. XEXT1(NREGIO(J) ). GE. XMIN)GO TO 700
1 595 CONTINUE
1 598 CONTINUE
1 600 CONTINUE
1 601 cONTINUE
i RETURN. .
i 700 cONTINUE.-
1
1 ;---- CHECK TO SEE IF THIS IS AN ANGLED REGION.
lC
7 IF(15. EQ.l)NSIOE=-1
7 IF(15. EQ.2)NSIDE=-3
7 IF(15. EQ.3)NSIDE=-4
7 IF(IANG(ITEMPI .EQ. NSIDE)GO TO 800
7 J2=J
7 J=J+l
7 NREGiO(J)=ITEMP
7 YENT1(ITEMP) =YEXTI(NREGIO(J2))
7 XENT1(ITEMP) =XEXTI(NREGIO(J2))

IF(MATNO(ITEMP ). LT. O) IFLAG=l
; RETURN
1 800 CONTINUE

; ~---- CHECK THE FOLLOUING:
1 c---- (1) MAKE SURE THAT THE RAY ENTERS ON SIOE
1 c---- 4, OR THAT THE IN OICE5 OF REFRACTION
1 c---- ARE THE SAME.
Ic

IF(IANG(ITEMP ). EQ. -4. AND.
: HTINDX( IT EMP). NE. TINDX(NREGIO(J) ))GO TO 820

,,

7 IF(TINDX(ITEMP ). NE. TINDX(NREGIO( J)))GO TO 830
7 J2=J
7 J=J+l
7 NREGIO(J)=ITEMP
7 YENT1(ITEMP) =YEXTI(NREGIO(J2))
7 XENTI(ITEMP )= XEXT1(NREGIO(J2))

MESHREP2 ~“
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IX. APPENDIX C

An analysis determining the path of a laser beam through a
plexiglas cylinder sitting inside a plexiglas box has already been
performed [Cl]. This analysis is extended here to include
multiple cylinders. Figures C-1 through c-6 outline the equations
for two cylinders. Although it is not shown in this appendix,
these equations can easily be extended to multiple -cylinders using
indicial notation.

Figure C-1 is a cross-sectional view of two vertical
cylinders sitting inside a plexiglas box. The point P(x,y) has
been chosen as the point at which velocity measurements will be
made. The remaining ’angles and distances specified in Figure C-1
have been defined in Table C-I.

Figure c-2 is a close up of the inner cylinder which contains
the specified measurement point. By drawing a radius from the
origin through the point at which the laser beam intersects the
inner radius of the inner cylinder, it can be observed that two
right triangles with a common side are formed. As shown in Figure
c-2 a relationship for al 1 1 interms of R , R1,I, B,
“and ALPH4G can be obtained from these two ?riangles. At the~er
radius of the inner cylinder, Snell’s law can be applied to -
determine &l,l,2. The resulting relationship for ~l,I,z =
is also shown in Figure C-2. &1.

Fig’ure C-3 shows the path of the laser beam through the ‘k~rkt
cylinder. By examining the figure, it can be observed that two
right triangles with a common side are formed. From these two
triangles a relationship can be obtained for ~,z,l. By
apply~ng Snell’s law at the outer radius of the first cylinder a
relationship for ~lr2,2 can also be obtained.

Figure c-4 shows the two Plexi91as cylinders. Again by
examining the figure, it can be seen that two right triangles with
a common side are formed. From these two triangles, a
relationship for ~Z +,1 can be obtained. By applying Snell’s
law at the inner ra~lus of the outer cylinder a relationship for
~2,1,z can be obtained.

Figure c-5 shows the two plexiglas cylinders and the
plexiglas box. Again by examining the figure, it will be noticed
that two right triangles with a common side are formed. From
these two triangles a relationship for &z,z,l can be
obtained. By applying Snell’s law at the outer radius of the
outer cylinder? a relationship for 32,2,2 can be obtained.
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Many triangles are formed by the radii passing through the
points at which the laser beam enters and exits each cylinder. By
examining each triangle a relationship for ALPHW can be obtained.
By examining these ssme triangles, a relationship for AWGLE can
also be obtained. Relationships for AWGLE and ALPHW are shown in
Figure C-5.

As shown in Figure C-5, Snell’s law can be applied at the
interface between the water and the plexiglas box to determine
ALPHP . Snell’s law can also be applied at the interface between
the plexiglas box and the air to determine ALPHGH. Relationships
for both ALPEP and ALPHGH are shown in Figure C-5.

At this point an equation aet which completely defines the
laser beam path has beem.de.termined and i.slisted in Table C-II.
Howeverr a direct solution is not possible.

The comnuter Droqram cvlinder uses an iterative technique to. . . . . .
solve the equation sec. Th& basic approach is to assume a value
for ALPH4G, and then to use equations (C-1) through (C-14) to
calculate ALPHGH. Once a value of ALPH4G is obtained which gives
a value of ALPHGH sufficiently close to the true value
iteration is stopped.

Figure c-6 is a drawing of the outer cylinder and
plexiglas box. This figure shows how the relationship
obtained.

the

_-
the *
for Yl=is

+
-~-

I c1 . Hanle, D.-D., “In Vitro Fluid Dynamics of Prosthetic Aortic
Heart Valves in Steady and Pulsatile F1ow”, Ph.D. .Thesis,
~~;~fornia Institute of Technology, Pasadena, California,



. .
~.,

. .

x .

Y .

TABLE C-1

DEFINITION OF NOMENCLATURE

x coordinate of laser beam crossing point

y coordinate of laser beam crossing point

radius of laser beam crossing point

radius of a particular cylinder. i indicates the
cylinder (from center outwards). j indicates which
radius (1 means inner radius, 2 means outer radius)

angle that the laser beam makes- with respect to the
normal at the cylinder-water interface. i indicates
the cylinder (from center outwards). j indicates inner
or outer radius (1 means inner radius, 2 means outer
radius) . k indicates the angle (1 means inner angle, 2
means outer angle).

direction angle for the laser beam in the water between
the outer cylinder and the plexiglas box _-

+

direction angle

direction angle
beam crossing.

for the laser beam in the plexiglas&ox

of the laser beam in the fluid at tfi”y.

Half angle of the LDA in air.

y coordinate of the point at which the laaer beam exits
the plexiglas box.

distance between the origin and the inside of the
plexiglas wall.

thickness of the plexiglas box

angle between the line from the origin through the point
where the laser.,.beamexits the outermost cylinder, and
the horizontal.

number of cylidners.

I

‘P =

Ri,j =

d.

l,j,k =

ALPHW =

ALPEP =

ALPE4G =

ALPEGH =

Y1 =

D .

t .

ANGLE =

i .
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TABLE C-II
EQUATIONS NHICH DESCRIBE THE PATH OF A

LASER BEAM THROUGH CYLINDRICALLY LAYERED NEDIA

(c-1) P = lNVTAN (y/x)
(c-2 ) ~ = x/ Cos (@)

(c-3) ~1,1,1 = INVSIN [~ Sin [~ - ALPH4G11

,

(c-4) ~ 1,1,2 = INVSIN [= sin (~,~,1)1
‘plex

..Ri ~

(C-5) ‘1,2,1 = INVSIN [~ sin (&lr~,2)l
R1,2

(C-6) ~,2,2=1NVS1N [~sin(~,2,1)]

.(C-7) %,l,l=INVSIN [*sin (~lr2,2)l
*

(c-8) ~ 2,1,.2= INVSIN [- sin (a2,1,1)]
‘plex

(c-9) ~ 2,2,1 = lNVSIN [> sin (&2,1,2)l
R2,2

(c-lo) %,2,2 = INVSIN [~ sin (&2,2,2) I

a. = INVSIN [‘(~~1~r2 sin(&(i-~),2,2)1
1,1,1 ,

~i,l,2 = INVSIN [~ Sin(~i,l,l)]
‘plex

&.
Ri ~

1,2,1.= INVSIN [— sin (*,1,2)1
‘i,2

&i,2,2 = INVSIN [~ sin (di,2,1)l
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TABLE C-II (cent’d)

EQUATIONS WHICH DESCRIBE THE PATH OF A
LASER BEAM THROUGH CYLINDRICALLY LAYERED MEDIA

(C-n) ALPHW = ALPH4G + %,1,1 - al,l,2 + ‘1,2,1 - ‘1,2,2

+ brlrl + ~zrl, z + A2,2,1 -~2,2,2

+ Ai,l,l - ~i,l,2 + ‘ir2, J.- &i,2,2.......

‘water
(C-12) ALPHP = INVSIN [— sin (ALPHW)I

‘plex

(C-13) ALPHGH = INVSIN [~ sin (ALPHP)I
‘air

(C-14) ANGLE = ALPHW + %,2,2
--

(C-15) Yl = Ri,2 ~sin (ANGLE) + [D - Ri,2 cos (ANGLE)] # [ta~ALPHW)]
.

+ t &tan (ALPHP)
s
-_<
.



CYLINDRICALLY LAYERED INTERFACES
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L1=R” SIN

12=~-R22

L3=T. TAN

1 = Y1l + Y12 + Y13

DETERMINATION OF THE Y COORDINATE AT WHICH THE
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LIBRARY: ~;;;

~QT TYPE:
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TIME: 10:28
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OL ----+----l----+----2 ----+ ----3 ----+ ----4 ----+ ----5 ----+ ----6 ----+ ----7 ----+ ----8

lC
lC
lC
lC

APPENOIx D
(FORTRAN LISITING OF PROGRAM CYLINOER)

jff ,1 !~:~ll

ii
lC
1 CEXXXXXMMXX*M*XXXMXXXM
lC PROGRAM CYLINDER
1 CXM*HK*X*XXXXX*KXMXXXX
Ic
9 IMPLICIT REALX8(A-H, O-Z)

COMMON R(4,2), AL PH(4,2>2), TINW, TINP, ERR, AL PHH>ALPHP>RP,
? x ALPHM, T#D, TINA, ANGlcll), ANG2(ll)}BETA/ NTITLE(lo), Is
lC
5“ READ(5,10) HTITLE
1 10 FORMAT (12A4)
9 ERR=0.0000IDO
1 c----
i E---- READ IN DATA
1 c----
1 c---- DEFINITION OF VARIABLES
1 c----
~ ~~~~~ XO= X COORDINATE OF REFERENCE POINT

1 C---- YO= Y COORDINATE OF REFERENCE POINT
1 c----
~ ~~~~~ X= X COORDINATE OF OATA POINT

1 c----~ c---- Y= Y COORDINATE OF DATA POINT

1 C---- T = THICKNESS OF PLEXIGLASS MALL
1 c----
; ~~~~~ O = DISTANCE FROM CENTER OF TUBE TO

;
1
1
1
1
1
1
1
9

!
6
9

PLEXIGLASS MALL

?---- TINW = ,INDEX OF REFRACTION FOR WATER
c----
C---- TINA = INDEX OF REFRACTION FOR AIR
c----
c---- TINP = INDEX OF REFRACTION FOR Plexiglass
c ----

C---- ALPHH= LASER DOPPLER ANEMOMETER HALF ANGLE
c----

READ(5,2O) XD, YO, X,Y
WRIT E(6,19) XO, YO, X,Y

19 FORMAT(l REFERENCE POINT: XO= 1,015.5,5X,
x f DATA POINT : x= l, D15,5, ~ Y= ‘,015.5)

REAO(5,20) T,O
20 FORMAT (4015.8)

READ(5,21) TINW, TINA, TINP, ALPHH ,
T(4D15.8)21 FORMA1

00 35
REA
WR1

30 FORMAT (2 D15.5)

1=1,4
AO(5,30) (R(I,J),J=1,2)
ITE(6,32) I,(R(I,J),J=1,2)

IN AIR

C YO=’, DI .5.5, /,

LDFT8
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PROJECT: T5712
LIBRARY: ;;;;
TYPE:

DATE: 84/09/06
TIME$ 10:28
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----t----l----+----2----t----3----+----4---.+----5--.-+.-.-~----+----7----+-_--8

32 FORMAT(’ CYLINDER 1,2 X,15,2 X, ’INNER RADIUS I ,,
M ‘OUTER RADIUS= !, D15 .5)

35 CONTINUE

If; Dl;51’i;:fx’

c----
C---- DETERMINE HOW MANY CYLINDERS ARE PRESENT
c----

1S=4
IF(R(4,2) .LT. O.00001DO)IS=3
IF(R(3,2) .LT. O.00001DO)IS=2 I
IF(R(2,2) .LT.0.0000IDO)IS=l

ALPHH=AL~H~H/fi~ .0*3.141592654D0
ALPHHT

.----

;---- COMPUTE PATH OF ‘LASER BEAMS FOR REFERENCE POINT
c----

c ----

c ----

c ----

CALL ANGLE (X0, YO, ALPHHT, ALPH4G)
HO = HCALC(ALPHHT, ALPH4G)
ALPHHT =-ALPHH’
CALL ANGLE(XO, YO, ALPHHT, ALPH4G)
HO1 : li:i~; LALPHHT, ALPH4G)
ALPHHT

COMPUTE PATH OF LASER BEAMS FOR ACTUAL DATA POINT

4NGl(ll):AiFiip
A1=ALPH4G
ALPHHT = -ALPHH
CALL AHGLE(X, Y, ALPHHT, ALPH4G)
ANG2(1)=BETA
ANG2(2)=ALPH4G+ ALPH(l ,1,1)
ANG2(3) =ANG2(2)-ALPH (l, l.2)+ALPH(1,
ANG2(4)=ANG2 (3)-A LPH(1,2,2)+ALPH(2,
ANG2(5) =ANG2(4)-ALPH (2,1,2 )+ AL PH(2,
ANG2(6) =ANG2(51-ALPH (2,2,2 )+ AL PH(3,
AN G2[7)=ANG2 (6)-A LPH(3,1,2)+ALPH(3,
ANG2(8) =ANG2(7)-A LPH(3,2,2)+ALPH(4,
ANG2(9)=ALPHW+ALPH (IS,2,2)
ANG2(10)=ALPHW
AN02(11)=ALPHP
~;= ALPH4G

= HCALC(ALPHHT, ALPH4G)
c----

2,1)
1,1)
2,1)
1,1)
2,1)
1,1)

LDFT8 :



PROJECT: ‘T5712
LIBRARY: TAPE

ART TYPE: DATA

MEMBER : LDFT8
LEVEL: 01.99
USERID: T5712

DATE:
TIME:
PAGE:

.... .
OL ----+ ---- I ----+ ----2 ----t---- 3----+ ----4 ----+ ----5 ----+ ----6 ----+ ----7.

1 c----~ ~_--- COMPUTE HOU FAR THE LASER MUST BE MOVED FROM Tfi

9
~iRE~ER~~F’pOINT

HRZ = ((( Hi-H2)/2. O-( HO-HO l)/2.0)/DTAN(AL HH))
9 [~$
9

= -HRZ
= (( Hl+H-2)/2. o)-((Ho+Hol)/2. o)

1 c----
~ ~~--- COMPUTE THE NEW LOA HALF ANGLE IN THE FLUIO MEOIUM

---
i- TDIR=(A1-A2)/2. o
9 ToIR=TDIRM180 .0/3.141592654
1 c----
~ ~~~-~ . fi~~~;~E THE DIRECTION OF THE VELOCITY VECTOR IN THE FLUID

1 c----
TDIR2=3.141592654 /2.0+ (Al+ A2)/2. O

; TDIR2=TDIR2*180 .0 Z3.141592654
1 c----

; ::::: PRINT OUT THE RESULTS

i“ MRITE(6,100 )HRZ, VRT
WRITE(6,115 )TDIR, TDIR2

! 100. FORMAT(’ LASER MUST 8E MOVED ‘,015.5, ‘ IN THE HORIZONTAL ‘,
II ‘OIRECTIONf, /,! LASER MUST BE MOVED ‘,015 .5,! IN THE VERTICAL’

: x 1 DIRECTION!)
1 115 ;ORMAT(’ HALF ANGLE OF THE TUO BEAMS IN THE FLUID MEDIUM’,
6 N ,D15.5, /,t DIRECTION OF THE VELOCITY VECTOR !, D15.5)
1 c----
1 C---- PLOT THE RESULTS
1 c----

CALL DISSPL
;~:P

lC
9 SUBROUTINE ANOLE(X, Y, ALPHHT, ALPH46)
9 IMPLICIT REALM8(A-H,0-Z)

COMMON R(4,2), AL PH(4,2,2), TINW, TINP, ERR, AL PHH, AL PHP?RP,
: x AL PHW, T, O, TINA, ANGl(ll), ANG2(ll), BET A, NT IT LE(l O), IS
1 c----
i
1
1

:
1
9

i---- THIS ROUTINE CALCULATES THE ANGLE ASSOCIATED MITH THE BEAM
C----CROSSSING. A REGULA FALSI METHOO IS USED TO SOLVE THE EQUATION SET.

84/09/06
10:28
03 OF 09

.---+----8

c----

25

IFLAG = 1
GO TO 25 -

15 ALPHA = ALPHGH
ALPH41 = ALPH4G
IF (IFLAG .EQ. 1) GO TO 35
ALPH4G = ALPH41-ALPHH/2.0

LDFT8

15

t
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----+ ---- l----+ ----2 ----+ ----3 ----+ ----4 ----+ ----5 ----+ ----6 ----+ ----7 ----+ ----8

GO TO 25
35 ALPH4G = ALPH42+(ALPH41-ALPH42 )/( ALPHA-ALPH~flf( A,}PH~+lpALPHB)

CALL GEOM(X, Y, ALPH4G, ALPHGH)
IF (OABS(ALPHGH-ALPHHT) .LT. ERR) RETURN
IF (ALPHHT .GE. ALPHGH) GO TO 45
ALPHA = ALPHGH
ALPH41 = ALPH4G
GO TO 35

45 ALPHB = ALPHGH
ALPH42 = ALPH4G
~~oTO 35

SUBROUTINE GEOM(X, Y, ALPH4G, ALPHGH)
.
L

C---- THIS ROUTINE CALCULATES THE VARIOU5 ANGLES PERTINENT TO THE
c---- FLOW SECTION GEOMETRY GIVEN THE LATEST GUESS OF THE ANOLE
C---- ASSOCIATE ~ITH THE BEAM CROSSING.
c

IMPLICIT REAL If8(A-H, O-Z)
COMMON R(4,2), AL PH(4,2,2), TINM, TINP, ERR, AL PHH, AL PHP, RP,

K ALPHu, T#D, TINA, ANol(ll), ANG2(ll), BETA, NT ITLE(lol, Is
c----

c----

15

c----
2s

IF (X .EQ. 0.0) GO TO 15
BETA = DATAN(Y/X)
RP = X/OCOS(BETA)
GO TO 25
BETA = 3.141592654/2.0
RP =Y

LOFT8 - “



PROJECT: T5712 MEMBER: LOFT8
LIBRARY: ~~~j

OATE: 84/09/06
LEVEL:

LOFT8
01.99

TYPE:
TIME: 10:28

US ERIO: T5712
ART

PAGE: 05 OF 09

OL ----+ ----l---- +----2 ----+ ----3 ----+ ----4 ----+ ----5 ----+ ----6 ----+ ----7 ----+ ----8
....

9
9
9
9

;
9
9
9

:
9
1

:
6
6
9
Q

50 CONTINUE
AL PHM=ALPN4G+ALPH (1,1,1 )- AL PH(l, 1,2)+ AL PH(1,2,1)-ALPH (1,2,2)

* +A[PH(2,1, 1)-A LPH(2,1,2) +ALPH(2,2, 1)-A LPH(2,2,2)
H +ALPH(3,1, 1)-A LPH(3,1,2) +ALPH(3,2,1 )-A LPH(3>2,2)
M +ALPH(4,1,1 )-A LPH(4,1,2) +ALPH(4,2, 1)-A LPH(4,2,2)

ALPHP=DARSIN( TINW/TINPHDSIN (ALPHWl)
ALPNGH=DARSIN( TINP/TINAXDSIN( ALPHP))

; ~----
FUNCTION HCALC(ALPHHT, ALPH4G)

9 IMPLICIT REAL X8( A-H,0-Z)
COMMON R(4,2), AL PH(4,2,2), TINM, TINP, ERR. AL PHH, AL PHP>RP,

! M ALPHW, T, O, TINA, ANGl(ll), ANG2(ll),8ETA, NTITLE(l O), IS
1 c----
1 C---- THIS SUBROUTINE CALCULATES THE Y COORDINATE OF THE LASER BEAM Al
1 c---- THE PLEXIGLASS MALL
; c----

ANGLE = ALPHW+ALPH(IS,2,2)
HCALC = R(Is,2)*osIN(ANGL E)+(D-R(Is,21 ~ocos(ANGLE) )* DTAH(ALPHM

: JI )tTfOTAN(ALPHP)
9
;C

ENO
lC
7 SUBROUTINE OISSPL
lC
7 IMPLICIT REAL M8(A-H, O-Z)

COMMON R(4,2), AL PH(4,2,2), TINW, TINP, ERR, AL PHH, AL PHP>RP,
: x AL PHU, T,O, TINA, AHG1(ll), ANG2(11) ,BETA, NT IT LE(lO), IS
7 REALX4 COOROI(14S0 ), COORD2(1450 ), WORK(9000)
7 KGRAPH=O
lC
1 C---- THIS ROUTINE ORAUS THE LASER BEAMS ANO TEST SECTION USING THE
1 c---- DISSPLA GRAPHICS SYSTEM.
lC
7 CALL DIGEST
7 CALL N08ROR

~ ~---- THIS COMMANO SETS THE PNYSICAL LOCATION OF THE CORROINATE (0.0)

00040000

00040000



PROJECT: 15712 ~~~;~R: LDFT8
LIBRARY: ;j;;

DATE: 84/09/06
TIME: 10:28

TYPE: USERID: :;;;:
ART

PAGE: 06 OF 09

OL ---- ----l----+ ----2----+ ----+ 3----+ ----+ ----+ ----5 ----+ ----6 ----+ ----7 ----+ _---8

lC
~ ~-4--
lC
7
7
7
lC
1 c----
lC

7:
7
7
7

ON THE PLOT. FOR THIS CASE
FROM THE LEFT EDGE AND 0.75

XPHYS=O .75
YPHYS=O .75
CALL PHYSOR(XPHYS, YPHYS)

THIS COMMAND SETS THE TOTAL

CALL PAGE(ll.9375,8 .500)

THE PLOT ORIOIN IS ~OCATEO ~.75 INCHES
+~INCHES FROM THE BO ~M.,1 + t~,ll!

SIZE OF PLOTTING AREA.

00050000
00110000
00350000
00400000
00410000
00420000
00430000

XPAGE=6.5
. . . . . . . .

YPAGE=6.5
00450000
00460000

YMAXl=R(IS,2) XOSIN(ANGl (9))+ (D-R(IS,2) ~OCOS(ANGl (9)) )~DTAN(ANGl(l O
6 X))+ TXDTAN(ANG1(I1))

YMIN1=R( IS,2)XOSIN(ANG2(9) )+(0 -R(IS,2)MDCOS (ANG2(9) ))~DTAN(ANG2(10
i *))+ TMOTAN(ANG2(11))
7

c
c ----

C----

c

c
c ---

c

:
c -e--

c----
c’
c

c
c
c----
c----
c
c

c----
c----
c ----

YMAX=D+T
YMIN=-(D+T)
XMIN=-(O+T)
XMAX=D+T

THIS COMMANO uAKES THE FIGURE FIT WITHIN THE PLOTTING
AREA .

CALL AREA2D(XPAGEt YPAGE)

DISSPLA HEADING COMMAND

00470000
00480000
00490000
00500000

CALL HEADIN(NTITLE,l OO,3,1)
XSTEP=l, O

00590000

YSTEP=l. O
00760000
00760000

THIS COMMAND SETS THE SCALE OF THE GRAPH ACCORDING TO VARIALBES INO0770000
THE ARGUMEHT .

00780000
00780000’

C4LL GRAF(XMIN, XSTEPt XMAX, YMIN, YSTEP, YMAX) 00790000

THIS SECTION OF THE GRAPHICS ROUTINE DRAMS THE INPUT BLOCK AND
COLORS IT.

CALL NEWPEN(2)

THIS SECTION ORAUS THE CYLINDER

DO1;~~ J1=1,4

0~ 150 J2=!,2
DTtAE~=360 .0/180 .0 K3.141592654D0/720. O
TH=O. O

LDFT8 ,“



PROJECT: T5712 MEMBER: LDFT8
LIBRARY? ~~;j

OATE: 84/09/06

~ART TYPE:
LEVEL : 01.99 TIME: 10:28
USERIO: T5712 PAGE: 07 OF 09

>OL t---- ---- 1 ----+ ----2---- t----3 ----+ ----4 ----+ ----5 ----t---- 6----+ ----7 ----+ ----8

100

150

200
c----
c----
c----

c----
c----
c----

92

00 100 1=1,720
11=1+11
COORO1(II) =R(J1, J2)KOCOS(TH) %ff II , ~~’]’

COOR02(II)=R( J1, J2)XOSIN(TN)
TH=TH+OTHET

CONTINUE
TH=TH +OTHET

11=1+11
COORDlz Ii~=R(Jl, J2)XOCOS(TH)
cooRD2(II) =R(Jl, J2)~osIN(TH)

CONTINUE
CALL SHAOE(COORD1, COOR02, II,90. O, O. 010,1, WORK,9OOO)

CONTINUE

THIS SECTION ORAWS

COORO1(l)=D
COOR02(1)=-R(IS,2)
COOR01(2)=O+T
COORD2(2)=-R(IS,2)
COOR01(3)=D+T
COOR02(3)=R(IS,2)
COOR01(4)=0
COORD2(4)=R(IS,2)
COOR01(5)=D
COO~;~~5)=-R(IS,2)

THE P1,EXIGLASS WALL

~iLi SHADE (COORO1, COORD2,11,90 .0, O. 010,1, WORK,9OOO)

THIS SEcTION ORAMS THE LASER BEAMS

CALL NEWPEN(4)
COORO1(l)=RPMOCOS (ANG1(l)) ;
COOR02(1)=RPXOS IN(ANG1(1))
COORD1(2)=R( 1,1)* OCOS(ANG1(2))
COOR02(2)=R( I,1)XOSIN(ANG1(2))

DO 92 1=1,11
CONTINUE

(2), COOR02(2),0)

(2), COORD2(2) ,0)

(2), COORD2(2) ,0)

LOFT8 ,“
..

>



PROJECT$ T5712 ~l~~fR: LDFT8
LIBRARY; ~~;fi

DATE: 84/09/06

TYPE: USERID: f;;i;
TIME: 10:28
PAGE: 08 OF 09

ART
OL ----t---- l----t----2 ----+---- 3----+ ----4 ----+ ----5 ----+ ----6 ----t----7 ---L+ ----8

CALL RLVECICOORD1 (1), COORD2(1) ,COORD1(2)
To 50

CALL RiVEC(COO
COORD1(1)=R(4,1
COORD2(1)=R(4,1
COORD1(2)=R(4*2
COORD2(2)=R(4,2

CALL RLV[
CON
coo
coo
coo
coo

COG
Coc
Coc
Coc

, ..”..-..”..

RD1(l)} COORD2(1), COORD1(2)
““”ANG1(6))

ANG1(6))
ANG117>>... . . . . . . .
ANGI(7))
11(1), COORD2( 1), COOROI(2)

,COORD2(2),0)

,COORD2(2) ,0)
TO 50

,, .”..”..”>.

RD1(l), COOR02(1), COORD1(2)
1) MocOS(ANG1(8))
1)* D51N(ANG1(8))
2) KOCOS(ANG1(9))
2)xDSIN(ANG1(9))
EC(COOROI( 1), COORD2(1), COOR01(2)

ITINUE
IRD1(l)=R( IS,2)XOCOS(ANG1(9) )
IRD2(1)=R( IS,2)HOSIN(ANG1(9) )
IRD1(2)=D
IRD2(2)=YMAX1-TX DTAN(ANG1(ll))

CALL RLVEC(COORD1(l) >COOR02(1) >COORD1(2)
IRD1(l)=D
lRD2(l)=YMAX1-rNDTAN (ANOl(li))
IRD1(2)=D+T
IRD2(2)=YMAXI

CAL L_ RLVEC(CO~~;; ;;; ,COORDZ(l) ,COOR01(2)

IG2(1))
IS(ANG2(2))

COOR02(2)=R(1,
CALL RLV
IF(R(2,2

CODRD1(l)=R(l.

:N(ANG2(2))
IRD1(l), COORD2(I), COORD1(2)

1)* DCOS(ANG2(2))
1) JI051N(ANG2(2))
2) IIDCOS(ANG2(3))
2) Mos IN(ANG2(3))
EC(COORO1( 1), CO0RD2(1), COORD1(2)
). LT.0.0000IDO)GO TO 70
2)xocos(ANG2(3))
2) MDs IN[ANG2[31)
iixiioiiiii~iiii
l)xDsIN(ANG2(4))
EC(COOROI(1),COORD2(1),COORDI(2)

CO0RD2(1)=R(1; :
CDORD1(2)=R(2,1
COORD2(2)=R(2,1

CALL RLVI
COORO1( 1)= R(2,1)XDCOS (ANG2(4) )
COORD2(I)=R (2,1) KOSIN(ANG2(4))
COORD1(2)=R (2,2) )IDCOS(ANG2(5))
COORD2(2)=R(2,2 )XDSIN(ANG2(5))

,COORD2(2),0)

,COORD2(2) ,0)

,COORD2(2) ,0)

,COORD2(2) ,0)

,COOR02(2),0)

,COOR02(2),0)

‘, COORD2(2),0)

LDFT8 ““



.

lART
;01

13
13
7
7
7

1;

7
7

1:
13
7
7
7

1;

7
7

1:

;
7
7

1;
7
7
7

1:
7
7
7
7

PROJECT: 15712
LIBRARY: ;;;;

~~~~~R: LOFT8 DATE: 84/09/06

TYPE: USERID: !;;;?
TIME: 10:28
PAGE: 09 .OF 09

.-- .+---- 1 ----+-. --z----+ -- .-3---- + ----$---- +---- 5----+ ----6 ----+ ----7 ----+ ----8

70

CALL RLVEC(COORO1 (1), COOR02(1), COORDI(2)4 00 RD2(2; ,~)
IF(R(3,2) .LT.0.0000IDO)GO TO 70

)COS(ANG2(5))
~~t I ~ ‘/,’1’

cooRDl(l)=R(2,2)~1
cooRD2(l)=R(2,2)~l
COOROl(2)=R(3,1)~l
COORD2(2)=R(3>l)~1

CALL RLVEC((
cooRol(l)=R(3,1)~I
COOR02(1)=R(3,1)XI
COOR01(2)=R(3,2)*1
COOR02(2)=R(3,2)X1

CALL RLVEC((
IF(R(ft,2)o Ll

COORD1(1)=R(3,2)*1
COORD2(1)=R(3,2)*1
cDoRDl(2)=R(4,1)~l
COOR02(2)=R(4,1)~l

CALL RLVEC((
COORDl(l)=R(4,1)~l
cooRo2(l)=R(4,1)~I
COORDl(2)=R(4,2)Sl
cooRo2(2)=R(4,2)~I

CALL RLVEC((

)SIN(ANG2(5))
)COS(ANG2(6))
)SIN(ANG2(6))
:OORDI(l), CO0RD2(1), COOR01(2), COOR02(2), o)
ICOS(ANG2(6))
)SIN(ANG2(6))
)COS(ANG2(7))
)SIN(ANG2(7))
:OORO1(l), COOR02(1), COOR01(2), COOR02(2),0)
r.0.0000IDO)GO TO 70
)COS(ANG2(7))
)SIN(ANG2(7))
)COS(ANG2(8))
IS IN(ANG2(8))
:OORD1(l). COOR02(1), COOR01(2), COOR02(21 ,0)
)COS(ANG2(8))
)SIN(ANG2(8))
)COS(ANG2(9))
)SIN(ANG2(9))
:OORO1(l), COORD2(1), COORD1(2). COORD2(2),0)

CONTINUE
COORD1(l)=R( IS,2)XDCOS( ANG2(9))
COOR02(1)=R( IS,2)*DSIN( ANG2(9))
COOR01(2)=D
cooRo2(21=YMIN1 -T~oTAN(AtAG2(ll))

CALL RLVEC(COORDI (1), COORD2(1), COORD1(2), COORD2(2) ,0)
1(1)=0

.-... ?(l)= YMIN1-TXDTAN (ANG2(li) )
IOR01(2)=O+T
IOR02(2)=YMIN1

cALL RLVEC(COORD1 (1), COORD2( 1), COORD1(2), COORD2(2) ,0)
CALL ENDPL(0)
CALL DONEPL(O~
RETURN
END

00010000

LDFT8 :

..



PROJECT: T571Z MEMBER: MARK26 DATE: 84/09/07

LIBRARY: EDIT LEVEL: 01.99 TIME: 10:16
TYPE: DATA US ERID: T5712 PAGE: 01 OF 08

TART
COL ----+ ----l ----+ ----2 ----+ ----3 ----+ ----4 ----+ ----5 ----+ ----6 ----+ ----7 ----+ ----8

21
11

1

3
5
5
5
5
5
5
5
5

:
4
4
4
4

:
4
4
4
G
4
4

:
4
4
4
4
4
4
4
4

:
4
4
4
4
4

:
4
4

:
3

APPENDIX E
(INPUT DATA FILE FOR FIGURE5 16-18)

MARK 22 BOTTOM FITTING INSERT$

225

;

:
5
6

i

1;

ii
13
14
15
16
17
18

;:
21
22

::
25
26
27
28
29
30
31

::
34
35
36
37
38
39
40

44
5

1?
21

1

;:
28
27
39
41

:;
55
65
73
57
67
75

1?:
61

2:: 209
140 141
148 149
118 119
120 121
;:: :;;

128 129
142 143
150 151
165 166
164 163
160 162
158 159
156 157
175 176
186 187

41 116 117
42 167 168
43 216 217
44 221 222
124630
2135

19

1;
26
20

::
35
34

2;2
114
115

63
71

1
1
1

;
1
1
1
1
1
1

:
1
1
1
1
1

:
1
1
1
1
1

i
1
1

-:
1
1
1
1
1
1
1
1
1
1
1
1
1

2
2
2
2
0
2
2
2

:
2

:

0

0

0

1.490
1.490

MARK26 :



PROJECT: T5712 MEMBER: ~;R~;6
LIBRARY: EOIT

DATE: 84/09/07
LEVEL : TIME: 10:16

TYPE: DATA
5TART

USERID: T5;12 PAGE: 02 OF 08

~ COL ----+ ----l----+ ----2 ----+ ----3 ----+ ---_4____+---- 5---- +---- 6---- +---- 7---- +----8

MARK26 :

3425
43581
52349
6 712”13 1 430
71186
:::l; ll

109811212220
111081272143
12 11 6 13 43 44 28
13 12 6 30 29
14 10 17 15
15 14 18 16
16 15 19 23
17 14 18 10 20
18 15 17 20 19
19 16 23 20 18
20 17 18 19 23 22 10
21 22 10 44 41
22 20 23 21 10 41
23 16 19 20 22 41
24 23 25 41
25 24 41 26 32
26 25 3B 37 36 35 34
27 41 32 33 28 44
28 27 33 42 29 12 32
29 28 30 13
3029136131
31 30
32 25 33 28 27
33 26 42 28 32
34 35 42 26
35 36 34 26
36 37.35 26
37 38 39 40 26 36
38 39 37 26
39 %0 37 38
40 39 37
41 24 25 27 23 22 21
42 34 28 33
43 10 44 12 11
44 21 27 12 43 10

17 14

33

43 44

II , ,j:~;:!:
1.330
1.490
1.490
1.490
1.330
1.330
1.490
1.330
1.490
1.330
1.330
1.33
1.490
1.490
1.490
1.330
1.330
1<490
1.330
1.330
1.330
1.330
1.490
1.330
1.49
1.330
1.490
1.490
1.490
1.33
1.49
1.33
1.490
1.33
1.33
1.33
1.330
1.49
1.33
1.49



PROJECT: T5712 MEMBER: MARK26
LIBRARY: EDIT

DATE: 84/09/07
LEVEL:

TYPE:
01.99

DATA
TIME: 10:16

IJSERID:, T5712
iiTART

PAGE: 03 OF 08

cOL ---- +---- l----+ ----2 ----+ ----3 ----+ ----4 ----+ ----5 ----+ ----6 ----+ ----7 ----+ ----8

!!

II

II

II

II

-!
0

-2
-4

-!
o
0
0

-!
-2

0
0
0
0
0
0

MARK26 (.



PROJECT; T571Z MEMBER: NARK26 DATE: 84/09/07
LIBRARY: EDIT LEVEL:

MARK26 ~
91.99

TYPE: DATA
TIME: 10:16

uSERID: T5712

.

PAGE: 04 OF 08
“ART
:OL ----+ ----l ----t----2 ----+ ----3 ----+ ----4 ----+ ----5 ----+ ----6 ----+ ----7 ----+ ----8

;

9

;
9
9
9
9
9
9
9
9
9
9
9
9
9
9
9

;
9
9
9
9
i
9
9
9
9

;
9
9
9
9

:
9
9
9
9
9
9
9

:
9
9

:
9
9
9
9

1.6000’
1.7150

1.41328
1.7150

0.00
1.375
1.545
1.715

2.0135
2.3120

0.00
1.46875
1.71500

1.7775
1.8400
2.3120

0.00
0.78125
1.56250
1.63875
1.71500
1.77750
1.84000
1.84000
1.80875
1.90250
2.06200
2.10725

2.187
2.312

0.00
1.5625

0.00
0.3250

0.65
0.70
0.75

0.9885
1.2270

0.00
0.580

0.75
0.00

0.255
0.51

0.630
0.750

0.00
0.510
0.750

0.00
0.255
0.510
0.630

1.5275
1.5275
1.9650
1.9650
2.4025
2.4025
2.4025
2.4025
2.4025
2.4025

2.49625
2.49625
2.49625

2.465
2.5275
2.5275

2.59
2.59
2.59
2.59
2.59
2.59
2.59

2.558750
2.49625

2.59
2.59
2.59
2.59
2.59
3.16
3.16

‘ 3.73
3.73
3.73
3.73
3.73
3.73
3.73

3.85125
3.85125
3.85125

3.9725
3.97250

3.9725
3.9725
3.9725

4.035
4.035
4.035

4.0975
4.0975
4.0975
4.0975

l!, ,



-.

PROJECT: T5712 MEMBER: MARK26 OATE: 84/09/07
LIBRARY: EDIT LEVEL: 01.99
TYPE:

TIME: 10:16
DATA US ERIO: T5712

“ART
PAGE: 05 OF 08

:OL ---- +---- l----t----2 ----+ ----3 ----+ ----4 ----+ ----5 ----+ ----6 ----+ ----7 ----+ ----8

MARK26 ~
,*

;:

;:
81
$2
83
84
85
86
87
88
89
90

;;
93
94
95
96
97
98

1;;
101
102
103
104
105
106
107
108
109
110
111
112
113
114
115
116
117
118
119
120
121
122
123
124
125
126
127
128
129
130

0.750
0.750
1.227
0.000

0.54125
0.75000

0.000
0.28625
0.57250
0.66125
0.75000
0.98850
1.22700
1.22700
1.35750
1.56250
0.00000
1.22700
0.0
0.61350
1.22700
1.29225
1.35750
1.46000
1.56250
1.70125
1.84000
1.95100
2.,06200
2.18700
2.31200
0.68750
1.29225
1.35750
1.46000
1.56250

1.840
2.062
2,312
0.451

1.00675
1.56250
1.70125
1.84000
1.95100
2.06200

2.1870
2.3120

2.312
2.312
4.156
6.000
6.125
6.250”

4.0975
3.9450
3.9450

4.12875
4.12875
4.12875
4.16000
4.16000
4.16000
4.16000
4.16000
4.16000
4.16000
4.25500
4.25500
4.25500
4.47000
4.47000
4.78000
4.78000
4.78000
4.78000
4.78000
4.78000
4.78000
4.78000
4.78000
4.78000
4.78000
4.,78000
4.78000
2.40250

‘;.;;:

.3:730
3.730
3.730
3.730
3.730
4.780
4.780
4.780
4.780
4.780
4.780
4.780
4.780
4.780
4.125
0.000
0.000
0.000
0.000
0.000



PROJECT: T5712
LIBRARY: EOIT
TYPE: DATA

DATE: 84/09/07
TIME: 10:16
PAGE: 06 OF 08

“ART
:OL ----+ ----l ----+ ----2 ---- +---- 3 ----+---- 4 ----+---- 5 ----+---- 6 ----+---- 7 ----+---- 8

NARK26 i
,.

.

6.000
6.250
6.000
6.125
6.250
4.156
0.451

1.56250
1.84000

0.451
1.006750

1.56250
ii?;:;;

0.45100
1.66625
1.84000
0.65350
1.32925

1,7700
1.805
1.840

0.6535
1.77000
1.84000

0.6535
0.8255
oi9;;;

1.1;650
1.21175
li3;;:;

i.446
1.60
1.685
1.770
1.805
1.840

0.65350
oi9;; ;

2:062
2.312

0.6535
0.8255
0.9975
0.9975

1.17650
1.44600
1.60000
1.77000
1.84000
0.72425

4.215
4.125
8.430
8.430
8.43o
8.430

5.368750
5.368750
5.368750

5.95750
5.95750
5.95750
5.95750

5.9s75
6.05875
6.05875
6.05875
6.16000
6.16000

6.160
6.160
6.160
6.345
6.345
6.345
:.;;:

6:530
6.530
,6.530
6.530

6.530
‘6.530
6.53o

.6.530
6.530
6.53o
6.53o
6.530
6.980
6.980

6.6050
6.6050
6.6o5O

7.q30
7.430
7.430
7.480
7.480
7.480
7.480
7.480
7.480
7.730



PROJECT: T5712
LIBRARY: ;~;~
TYPE:

b@T

MEMBER: MARK26
LEVEL: 01.99
US ERID: T5712

DATE: 84/09/07
TIME: 10:16
PAGE: 07 OF 08

.... .
:OL ----+ ----l----+ ----2 ----+---- 3----+ ----$ ----+ ----5 ----+ ----6 ----+ ----7 ----+ ----8

MARK26 1
,,

8
8
8
8
8
8
8
8

:
8
8
8
8
8

:

:
8
8
8
8
8
8
8
8
8
8

:
8
8

:
8
8
8

:
8
4

:

;
10

185
186
187
188
189
190
191
192
193
194
19s
196
197
198
199
200
201
202
203
204
205
206
207
208
209
210
211
212
213
214
215
216
217
218
219
220
221
222
223
224
225

10 0.00
1

1.0
20
0.98550

0

0.99750
0.7950

0.89625
0.9975

0.795
0.9975

0.795
0.89625

0.9975
1.807

1.17650
1.31125
1.44600

1.S23
1.60
1.685
1.770
1.805
1.840
1.951
2.062
2.187
2.312
0.000

0.22550
0.0
0.0
0.22550
0.45100
;.:::;]

1:56250
1.70125
1.84000
1.56250
1.84000
1.562S0
1.70125
1.84000
1.56250
1.84000

3.16

1.0,
1

3.945

7.730
8.o3o
8.030
8.o3o
8.230
8.230
8.43o
8.430
8.430
8.430
8.43o
8.430
8.430
8.430
8.430
8.430
8.430
8.43o
8.430
8.430
8.430
8.43o
8.430
4.780
4.780

5.00550
5.70900
5.93450
6.16000
2.76500
2.76500
2.94000
2:94000
2.94000
3.25000
3.25000
3.56000
3.56000
3.56000
4.17000
4.17000

S.s 1 .33

—



ib::fl

24
14

1
13
12
12
12
12
12

“12

PROJECT: 15712 MEMBER: cIRc26
LIBRARY: ~~~f LEVEL:

DATE: 84/09/06
01.99

TYPE: USERID: 15712
TIME: 10:29
PAGE: 01 OF 01

----+ ----l ----+ ----2 ----+ ----3 ----+ ----4 ----+ ----5 ----+ ----6 ----+ ----7 ----+ ----8

CIRC26 ;

APPENDIX F
(INPUT DATA FILE FOR FIGURES 19-26)

CYLINDRICAL ~E; T CASE$
~{~ ,1 , i~’1,

-0.3 0.72
0.;5 5:6:
1.33 1.49 5.5
3.70 4!61
0.80 1.0000
1.70 2.00
2.70 3.00

.-

II


